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CHAPTER I
INTRODUCTION AND REVIEW OF LITERATURE
The knowledge a v a i la b le  as to  th e  m etabolism  o f  magnesium and 
calc ium  as  a f f e c te d  by th e  k idneys i s  scan ty  in  com parison to  t h a t  
co ncern ing  sodium and p o ta ss iu m . In  o rd e r to  e lu c id a te  th e  mechanisms 
o f  r e n a l  hom eo sta tic  c o n tro l  o f  th e  plasma c o n c e n tra tio n  o f  th e se  
c a t io n s ,  i t  i s  n e ce ssa ry  to  u n d e rs ta n d  th e  n a tu re  o f  th e  e x c re to ry  
mechanism s. The e f f e c t  o f  an in c re a se d  u r e t e r a l  p re s s u re ,  which 
causes a d ecreased  f i l t r a t i o n  r a t e ,  and an osm otic  d iu r e t i c  
( s u c ro s e ) ,  which causes an in c re a se d  flow  o f  u r in e ,  on c le a ra n c e s , 
r a t e s  o f  e x c re t io n ,  and u r in a ry  c o n c e n tra tio n s  o f  magnesium, ca lc ium , 
sodium, p o tass iu m , p h o sp h a te , c r e a t in in e ,  and in  some case s  pH were 
s tu d ie d .
A lthough b io lo g ic a l  organism s o b ta in  t h e i r  energy f o r  m otion , 
re p ro d u c tio n , grow th, and g e n e ra l l i v in g  from o rg a n ic  food  m a te r ia l s ,  
th ey  re q u ire  v a r io u s  m in e ra l e lem ents f o r  th e  u t i l i z a t i o n  o f t h i s  
food  and fo r  th e  m aintenance o f  b o d ily  s t r u c tu r e  and c e l l u l a r  
i n t e g r i t y .  A lthough t r a c e  e lem ents a re  o f  im portance in  v a r io u s  
enzym atic r e a c t io n s ,  th e  in d isp e n sa b le  b u lk  e lem en ts , sodium, 
p o tass iu m , ca lc iu m , and magnesium, fu n c tio n  n o t on ly  in  th e se  chem ical 
r e a c t io n s ,  b u t a lso  a c t  to  form th e  bony s t r u c tu r e  and to  m a in ta in  
c e l l u l a r  s t r u c tu r e .
I t  I s  g e n e ra lly  accep ted  th a t  sodium a c ts  p r im a r i ly  to  
m a in ta in  th e  osm otic  p re s su re  o f  th e  e x t r a c e l lu la r  f l u i d s ,  and , 
w ith  p o tass iu m , i s  an im p o rtan t f a c to r  in  c e l l u l a r  e x c i t a t io n
-  1 -
-  2 -
phenomena 3 p o ta ss iu m , a lth o u g h  in  r a th e r  low e x t r a c e l lu la r
c o n c e n tra t io n , i s  in  h ig h  i n t r a c e l l u l a r  c o n c e n tra t io n , a c t in g  as  an
osm otic  ag en t as w e ll a s  an enzym atic a c t i v a to r .  The prim ary
i n t e r e s t  in  th e  s tu d ie s  p re se n te d  h e re ,  how ever, i s  th e  m etaholism
o f  magnesium and calc ium  as a f f e c te d  by th e  k id n e y s . The e x t r a c e l lu la r
c o n c e n tra tio n  o f  magnesium i s  about two m il l i e q u iv a le n ts  p e r  l i t e r ,
w h ile  th e  i n t r a c e l l u l a r  c o n c e n tra tio n  i s  two to  e ig h t  tim es h ig h e r .
Here i t  appears to  p lay  i t s  m ajor r o l e ,  as  th e  d iv a le n t  c a t io n
U *5e s s e n t i a l  f o r  so many enzym atic r e a c t io n s .  Magnesium i s  an 
a c t iv a to r  f o r  th e  p h o sp h a ta ses , th e  tra n sp h o sp h o ry la se s , e n o la se e , 
some p e p t id a s e s , k e to a c id c a rb o x y la se s , and undoubtedly  many o th e r  
enzymes. N early  a l l  p h o sp h o ry la tio n  r e a c t io n s  in v o lv in g  th e  a l l -  
im p o rtan t ATP appear to  re q u ire  th e  p resen ce  o f  magnesium io n .^
C alcium , th e  m ajor elem ent in  bone, has w ith  magnesium an im p o rtan t 
e f f e c t  on n e u ra l  e x c i t a b i l i t y ,  i s  im p o rtan t in  b lood  c o a g u la tio n , 
and , a cco rd in g  to  H e ilb ru n n ,^  i s  im p o rtan t in  m a in ta in in g  th e  
c e l l u l a r  membrane p e rm e a b ility  p r o p e r t i e s .
R e f e r e n c e s  to  th e  l i t e r a t u r e  a re  fo o tn o te d . In  subsequent 
c i t a t i o n s  in  th e  same c h a p te r ,  th e  a u th o r 's  name and th e  number o f  
th e  fo o tn o te  c o n ta in in g  th e  f u l l  re fe re n c e  a re  g iv e n .
r*.
^ J .  S . F ru to n  and S . Simmonds, G enera l B iochem istry  (New York:
J .  W iley and Sons, 1953) f PP* 802-03.
R .  V. H e ilb ru n n , An O u tlin e  o f  G enera l P h y s io lo g y . T h ird  
E d i t io n  (P h ila d e lp h ia :  Saunders Company, 195277 pp . 519-36.
R .  B. Sumner and G. F . Som ers, C hem istry and Methods o f  Enzymes,
T h ird  E d i t io n  (New York: AcadeMc P r e s s ,  I n c . ,  19537*
5Fruton  and Simmonds, op . c i t . ,  p .  803 (F o o tn o te  2)
6l b i d . , p . 802 .
7 H eilb runn , o p .c i t . , p .  535 (F o o tn o te  3 )
Because th e se  e lem ents a re  o f  such g re a t  Im portance to  th e  norm al 
fu n c tio n  o f  "b io lo g ica l o rgan ism s, t h e i r  m etabolism  has been  s tu d ie d  
e x te n s iv e ly .  W ith th e  adven t o f  th e  flam e sp ec tro p h o to m ete r, th e  
r e n a l  f a c to r s  in  th e  e x c re tio n  o f  sodium and po tassium  have been 
e lu c id a te d ,  a t  l e a s t  to  a degree which g iv e s  some e x p la n a tio n  as to  
th e  r e n a l  mechanisms in v o lv ed . The r e n a l  fu n c tio n s  as r e l a t e d  to  
th e  e x c re t io n  o f  magnesium and calcium  have been b u t l i t t l e  s tu d ie d  
u n t i l  th e  l a s t  f iv e  y e a r s ,  a p p a re n tly  because o f  th e  d i f f i c u l t y  o f  
t h e i r  a n a ly s i s , '  P re lim in a ry  s tu d ie s  o f  s e v e ra l  groups^>9,10 in d ic a te ,  
how ever, t h a t ,  as w ith  sodium and p o tass iu m , 90 p e r c e n t o r  more o f  
th e  calcium  and magnesium f i l t e r e d  in  th e  g lom erulus i s  no rm ally  
re a b so rb e d . U nless t h i s  re a b s o rp t io n  i s  u n a ffe c te d  by th e  e x t r a c e l lu ­
l a r  l e v e l s  o r  by v a r io u s  horm ones, t h i s  would be a s i t e  f o r  ho m eo sta tic  
r e g u la t io n  o f th e  plasma and e x t r a c e l lu la r  l e v e l s  o f  th e se  c a t io n s .  
Because o f  th e  v a r ie d  d ie ta ry  in ta k e  o f  th e se  m ajor e l e c t r o l y t e s ,  and 
because th e  i n t e s t i n a l  a b so rp tio n  may n o t  p ro v id e  an a c c u ra te  and 
s tead y  enough r e g u la t io n  o f  th e  plasma le v e l s  o f  calcium  and magnesium, 
th e  k idneys appear to  p lay  a m ajor r o le  in  th e  h o m eo sta tic  r e g u la t io n  
o f  t h e i r  m etabo lism .
O
A. V . W olf, The U rin a ry  F u n c tio n  o f  th e  Kidney (New York: Grune 
and S t r a t t o n ,  I n c . ,  1950 ), p • UW
^H. E . M artin , J .  M ehl, and M. A. Wertman, C l in ic a l  s tu d ie s  o f  
magnesium m etabolism , Med. C lin ic s  N. Am. 26 : 1157-71  ( 1952) .
10b .  I .  H e l le r ,  J .  F . Hammarstan, and F . L . S tu tzm an, C oncerning 
th e  e f f e c t s  o f  magnesium s u l f a te  on r e n a l  fu n c t io n , e l e c t r o ly te  
e x c r e t io n ,  and th e  c le a ra n c e  o f  magnesium, J .  C l in . I n v e s t . 32:
858-61  (1 9 5 3 ).
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Some Modem Views o f  Kidney F u n c tio n
From Homer W. S m ith 's  c l a s s i c a l  m onograph^ on th e  k id n ey , pub­
l i s h e d  in  1951 , i t  appears th a t  modem r e n a l  th e o ry  i s  la r g e ly  based  
on th e  fo llo w in g  f a c t s  and h y p o th e s is :
1 . In  th e  g lo m eru li o f  th e  k id n ey , an u l t r a f i l t r a t e  i s  formed 
which i s  p r o te in - f r e e ,  b u t which c o n ta in s  th e  v a rio u s  c ry s ta lo id s  in  
th e  same p ro p o r tio n s  as  a re  found in  th e  plasm a w a te r . M icropuncture 
s tu d ie s  appear to  confirm  t h i s .
2 .  In  p a ss in g  th rough  th e  prox im al tu b u le ,  sodium, g lu c o se , and 
o th e r  m a te r ia ls  a re  a c t iv e ly  re a b so rb e d . From th e  osm otic  g ra d ie n t  
th u s  p roduced , and from th e  osm otic  g ra d ie n t produced by th e  non­
f i l t e r e d  plasma p ro te in ^ ,  w a ter i s  p a s s iv e ly  re a b so rb e d . The degree 
o f  re a b so rp t io n  in  th e  v a rio u s  segments o f  th e  tu b u le s ,  how ever, i s  
an unknown f a c to r  in  our knowledge o f  r e n a l  fu n c tio n .
3 . By th e  tim e th e  u r in e  has passed  th rough  th e  th in  lo o p , i t
i s  n e a r  to  osm otic e q u ilib r iu m  w ith  th e  i n t e r s t i t i a l  f lu i d s  and p lasm a, 
and i t s  volume has been reduced  to  about o n e -e ig h th  under norm al 
c o n d it io n s . These co n c lu s io n s  a re  based  p r im a r i ly  on th e  o b se rv a tio n s  
o f  d ia b e te s  in s ip id u s ,  w ater d iu r e s i s ,  and U/P r a t i o s  f o r  g lo m eru la rly  
c le a re d  su b s ta n c e s . G e n e ra liz in g  p r im a r i ly  from m icropuncture  s tu d ie s  
on N ec tu ru s , iso sm o la r ity  o f  th e  prox im al tu b u le  u r in e  i s  assumed a lso  
f o r  th e  mammalian k id n ey .
k.  Under norm al c o n d it io n s , th e  u r in e  on p a ss in g  th rough  th e
•^Horner Sm ith , The K idney. S tru c tu re  and F u n c tio n  in  H ealth  and 
D isease  (New York: Oxford U n iv e rs ity  P r e s s ,  1951 ), 'lOUsFpp, I •
d i s t a l  tu b u le  has sodium and o th e r  m a te r ia ls  e x tr a c te d  from i t  to  
g ive  hypo ton ic  u r in e s  an d /o r w a te r e x tra c te d  from i t  to  g iv e  h y p e r­
to n ic  u r in e s .  The re a h s o rp t iv e  p ro c e sse s  a re  assumed to  he amount 
l im i t e d ,  how ever, and th u s  th e re  i s  e lim in a tio n  o f  s o lu te  o r  w a ter 
when osm otic d iu r e t i c s  cause an in c re a se d  amount o f  f l u i d  to  he
p re se n te d  to  th e  d i s t a l  tu h u le .  R apoport and co -w o rk ers , in  a s e r ie s
12o f  pap ers  cu lm in a tin g  in  a paper p re se n te d  in  1952> p re s e n t  and 
s u p p o rt , h u t do n o t p ro v e , th e  c o n te n tio n  th a t  th e  d i s t a l  tu h u le  
fu n c tio n s  p r im a r i ly  in  s e c re t in g  w ater in to  th e  u r in e  to  form 
hypo ton ic  u r in e s  and e x t r a c t in g  w ater from  th e  u r in e  to  form h y p e r­
to n ic  u r in e s .  These co n c lu s io n s  a re  hased  on th e  f in d in g s  t h a t  th e  
com position  o f  th e  u r in e  under th e  in f lu e n c e  o f  a v a r ie ty  o f  d iu r e t i c s  
i s  ve ry  s im i la r ,  w hether produced in  low volume hy hydropenic  dogs 
and men o r in  la rg e  volume a s  produced hy h y d ra ted  dogs o r  men.
The e q u a l i ty  o f  co m p o sitio n , as  would he e x p ec te d , when u s in g  a 
complex organism  such a s  a mammal under c o n d itio n s  which cannot he 
com pletely  c o n tr o l le d ,  i s  n o t e x a c t .  The h y p o th e s is , how ever, i s  
a t t r a c t i v e  from an e n g in ee rin g  and e v o lu tio n a ry  p o in t  o f  view . 
U n fo r tu n a te ly , how ever, n a tu r a l  p ro c e sse s  do n o t alw ays fo llo w  th e  
pathways which seem "reaso n ab le"  to  u s .  The h y p o th e s is  i s  f a r  from 
p roved .
12C. U. W est, S . A. K aplan , S . J .  Fomon, and S . R ap o p o rt,
U rine  flow  and s o lu te  e x c re t io n  d u rin g  osm otic  d iu r e s i s  in  h y d ra ted  
dogs: R ole o f  d i s t a l  tu h u le  in  th e  p ro d u c tio n  o f  h y p o ton ic  u r in e ,
Am. J .  P h y s io l . 170 : 239- 5!* (1 9 5 2 ).
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5 . S e c re tio n  in to  th e  tu b u le s  may a lso  o c c u r . From th e  work 
o f  B e r l in e r  and Kennedy"^ and Mudge and G i lb e r t ,^ *  f o r  in s ta n c e ,  th e re  
ap p ears  to  he l i t t l e  q u e s tio n  th a t  po tassium  can he s e c re te d  a c t iv e ly  
( a g a in s t  a c o n c e n tra tio n  g ra d ie n t)  in to  th e  lumen o f  th e  tu h u le .
1*1 -i<
R ecen tly  th e  work o f  B rad ley  e t  a l .  " and o f  Enns and C hinard  
in d ic a te  t h a t  sodium i s  s e c re te d  in to  th e  tu h u le s  n o t  on ly  under some 
c o n d it io n s , h u t i s  s e c re te d  n o rm a lly . These d is c o v e r ie s  r a d ic a l ly  
a f f e c t  th e  " f i l t r a t i o n - r e a b s o r p t io n "  th e o ry  and r a i s e  th e  q u e s tio n  
a s  to  th e  r e l a t i v e  im portance o f  s e c re to ry  p ro c e sse s  a s  w e ll .
The p o s s i b i l i t y  must now he fa c ed  th a t  under norm al c o n d itio n s  
a lm ost no sodium, p o tass iu m , ca lc iu m , o r  magnesium i s  in  th e  f l u i d  
which le a v e s  th e  p rox im al tu h u le  and th a t  th e  d i s t a l  tu h u le  fu n c tio n s  
in  a s e c re to ry  c a p a c ity  o n ly , as  re g a rd s  th e se  e l e c t r o l y t e s .  I f  
t h i s  i s  t r u e ,  th e  use o f  osm otic  d iu r e t i c s  to  o b ta in  h ig h e r  u r in e  
f lo w s , may cause s ig n i f i c a n t  amounts ( i n  low c o n c e n tra tio n s )  o f  
th e  m ajor e l e c t r o ly te s  to  appear in  th e  u r in e ,  a s  th e  r e s u l t  o f  
exceed ing  th e  p rox im al re a h s o rp t iv e  l i m i t s .  G iving th e  hom eo sta tic
13R . W. B e r l in e r  and T . J .  Kennedy, J r . ,  R enal tu b u la r  s e c re t io n  
o f  po tassium  in  th e  norm al dog, P ro c . Soc. E x p t l . B io l , and Med. 
67 : 51*2-^5 (19*18).
lh G. H. Mudge, J .  F o u lk s , and A. G ilm an, The r e n a l  e x c re t io n  o f  
p o tass iu m , P ro c . S oc . E x p t l . B io l , and Med. GrJ\hb^-brJ ( 191*8 ) .
15S . E . B rad ley , E . L e i f e r ,  and J .  F . N ick e l in  1953 n o te d  th a t  
a f t e r  r a p id  in je c t io n s  o f  rad io -so d iu m , ra d io -p o ta s s iu m , in u l in ,  and 
PAH, th e  sodium and po tassium  appeared  in  th e  u r in e  w e ll b e fo re  th e  
appearance o f  th e  in u l in  (A. A. G. Lewis and G. E . W. W olstenholme 
( e d i t o r s ) ,  C lha Symposium on th e  Kidney (B oston: L i t t l e ,  Brown, and 
Company), p p . 50-61 (195*0
^ T .  Enns and F . P . C h in ard , R enal e x c re t io n  p a t te r n s  o f  sodium, 
w a te r , and u re a ,  F ed . P ro c . ll*:208 (1955}.
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mechanisms tim e to  o p e ra te  (se co n d s , m in u tes?) and th u s  red u c in g  
th e  r a t e  o f  e l e c t r o l y te  s e c r e t io n ,  th e  e l e c t r o ly te s  which b e fo re  
appeared  in  th e  u r in e  due to  d i s t a l  s e c re t io n  would he re p la c e d  hy 
th o se  which s p i l l e d - p a s t  th e  p rox im al tu h u le s .  T h is  would com plicate  
i n t e r p r e t a t i o n s .
Osmotic d iu r e t i c s  such as  m a n n ito l, sodium c h lo r id e ,  R in g e r 's
s o lu t io n ,  sodium o r magnesium s u l f a t e ,  o r  su cro se  s o lu tio n s  have heen
e x te n s iv e ly  used  in  many o f  th e  r e n a l  fu n c tio n  s tu d ie s  because they
in c re a s e  th e  flo w  o f  u r in e  and th u s  in c re a se  th e  accuracy  o f  subsequent
d e te rm in a tio n s  by w ashing o u t dead spaces o f  th e  k idneys and by
p re s e n tin g  a l a r g e r  volume o f  u r in e  f o r  subsequent d e te rm in a tio n s .
The e f f e c t s  o f  th e se  su b stan ces  have been e x te n s iv e ly  review ed by
17P i t t s  and S a r to r iu s ,  1950, a s  to  t h e i r  p o s s ib le  r e n a l  mechanisms 
and c l i n i c a l  u s e s .  A lthough chem ical e f f e c t s  on tu b u la r  a c t i v i t y  
may o c c u r , i t  i s  assumed th a t  th e  p rim ary  e f f e c t  i s  to  reduce  th e  
p a ss iv e  re a b s o rp t io n  o f  w ater in  th e  p rox im al tu b u le  by s e t t in g  up 
osm otic  g r a d ie n ts .  The in c re a se d  volume o f  f l u i d ,  iso sm o tic  w ith  
th e  plasm a (o r  i n t e r s t i t i a l  f l u i d ) , i s  th e n  c a r r ie d  in to  th e  d i s t a l  
tu b u le  and from th e re  in to  th e  u r in e .
Thus a f t e r  a f i l t r a t e  o f  th e  blood plasma i s  produced a t  th e
g lo m e ru li,  magnesium, ca lc ium , o th e r  s o lu te s ,  and w a te r a re  absorbed  
from th e  tu b u le  lumen o r may be s e c re te d  in to  i t .  Under norm al 
c o n d i t io n s , th e  e q u iv a le n t o f  more th a n  90 p er c e n t and o f te n  99 p e r
c e n t o f  th e  m ajor c a tio n s  a re  re a b so rb e d . The amount o f  s e c re t io n
•^R . F . P i t t s  and 0 .  W. S a r to r iu s ,  Mechanisms o f  a c t io n  and 
th e ra p e u t ic  use  o f  d i u r e t i c s ,  Pharm. R ev. 2 : l6 l-2 2 6  (1 9 5 0 ).
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i s  •unknown. A problem  s tu d ie d  in  t i l l s  d i s s e r t a t i o n  i s  th e  r e l a t i v e  
r o le  o f  f i l t r a t i o n  and re a h so rp t io n  in  d e te rm in in g  changes in  ex cre tJcn . 
I f  th e  h y p o th e s is  t h a t  a l l  o f  th e  m ajor c a t io n s  in  th e  f i l t r a t e  a re  r e ­
absorbed  in  th e  prox im al tu b u le  and th e  c a t io n s  found in  th e  u r in e  
a re  a t t r i b u t a b l e  to  d i s t a l  s e c re t io n  i s  a cc e p ted , th en  changes in  
f i l t r a t i o n  r a t e  need n o t be a s s o c ia te d  w ith  changes in  u r in a ry  r a t e s  
o f  c a t io n  e x c r e t io n .  However, i f  osm otic d i u r e t i c s ,  by d i l u t i o n ,  cause 
a s ig n i f i c a n t  amount o f  th e  f i l t r a t e  c a t io n s  to  be swept in to  th e  
d i s t a l  tu b u le s ,  th en  changes in  f i l t r a t i o n  r a t e  may be c lo s e ly  r e la td d  
to  e x c r e t io n .
As an exam ple, th e  e x c re to ry  p a t te r n s  o f  sodium have probably- 
been  th e  most e x te n s iv e ly  s tu d ie d . I t  has been  re p o r te d  t h a t  th e  
r a t e  o f  re a b s o rp t io n  o f  sodium c lo s e ly  fo llo w s changes in  th e
-| O
g lo m eru la r f i l t r a t i o n  r a t e .  As th e  f i l t e r e d  lo ad  i s  in c re a se d  
beyond c e r t a in  l e v e l s ,  S e lk u r t  and P o s t-^  r e p o r t  t h a t  a l im i t in g  r a t e  
o f  r e a b s o rp t io n  o c c u rs , how ever. A l im i t in g  c o n c e n tra tio n  g ra d ie n t 
betw een th e  tu b u le  and plasm a sodium i s  reach ed  in  a l l  c a s e s ,  th e reb y  
le a d in g  to  an in c re a se d  e x c re t io n  o f  sodium, acco rd in g  to  Wesson and 
Anslow .^0 P i t t s  and Duggan2-1- show th a t  a sm all d ec rease  in  f i l t r a t i o n
1®L. G. Wesson, J r . ,  W. P i Anslow, J r . ,  and H. W. S m ith , The ex­
c r e t io n  o f  s tro n g  e l e c t r o l y t e s ,  B u l l . N.Y. Acad. Med. 2k:58$-6o6  ( 1950).
-*-?E. E . S e lk u r t  and R . L . P o s t ,  R enal c le a ra n c e  o f  sodium in  th e  
dog: E f f e c t  o f  in c re a s in g  sodium lo ad  on re a b s o rp t io n  mechanism, Am.
J .  P h y s io l . 162:639-^8 (1 9 5 0 ).
G. W esson, J r . ,  and W. P . Anslow, J r . ,  E x c re tio n  o f  sodium 
and w a te r d u rin g  osm otic d iu r e s i s  in  th e  dog, Am. J .  P h y s io l . 153:
U65-jh ( 19^8 ) .
2 lR . F . P i t t s  and J .  J .  Duggan, S tu d ie s  on d i u r e t i c s .  I I .  The 
r e la t io n s h ip  betw een g lom eru lar f i l t r a t i o n  r a t e ,  p ro x im a l"tu b u la r  
a b so rp tio n  o f  sodium, and d iu r e t i c  e f f ic a c y  o f  m e rc u r ia ls ,  J .  C l in . 
IfrvegU 29:372-79 (1 9 5 0 ).
r a t e  caused  a  " g lo m e ru la r- tu b u la r  im balance" and a  sh arp  re d u c tio n  in  
e x c re t io n  o f  w a ter and sodium. Bow c o n s ta n t i s  th e  r a t e  o f  tu b u la r  
r e a b s o rp t io n  when f i l t r a t i o n  r a t e  changes? I s  th e  h y p o th e s is  t h a t  
m ajor c a t io n s  a re  e n t i r e ly  reab so rb ed  in  th e  p rox im al tu b u le  te n a b le ?
By a l t e r i n g  th e  f i l t r a t i o n  r a t e  and by a l t e r in g  th e  i n t e r n a l  com posi­
t i o n  o f  th e  tu b u le  c o n te n t by n o n -reab so rb ed  d i u r e t i c s ,  i t  i s  f e l t  
t h a t  some in fo rm a tio n  w i l l  be g a in ed  a s  to  th e  p o s s ib le  mechanisms 
in v o lv e d .
E f f e c t s  o f  Osmotic D iu re t ic s
I t  i s  g e n e ra l ly  agreed  th a t  osm otic  d iu r e t i c s  cause an in c re a se d  
e x c re t io n  o f  w a te r , sodium, and o th e r  e l e c t r o l y t e s . 22 The p ro p o r t io n a l  
in c re a s e  in  s a l t  e x c re t io n  does n o t e q u a l t h a t  o f  th e  in c re a se  in  
w a te r e x c r e t io n ,  how ever.23>2^>25 u s in g  c o n c e n tra te d  m an n ito l eolufc.' 
t i o n s ,  Wesson and Anslow2^ o b ta in e d  u r in e  flow s such t h a t ,  o f  th e  
s o lu te s  and w ater f i l t e r e d  a t  th e  g lo m eru lu s , 63 p e r  c e n t o f  th e  
w a te r ,  95 p e r c e n t o f  th e  p o tass iu m , 33 p e r c e n t o f  th e  c h lo r id e ,
26 p e r  c e n t o f  th e  sodium, 9 p e r  c e n t o f  th e  b ic a rb o n a te , b u t none 
o f  th e  p h o sp h a te , were e x c re te d  in to  th e  u r in e .  As th e  u r in e  to  
plasm a c r e a t in in e  r a t i o s  (and th u s  p ro p o r tio n  o f  th e  g lom eru lar 
f i l t r a t e  which was e x c re te d )  approached o n e , th e  p ro p o r tio n  o f  th e  
f i l t e r e d  s o lu te s  e x c re te d  in  th e  u r in e  in c re a s e d . They a t t r i b u t e
2? P i t t e  and S a r to r iu s ,  op .  c i t .  (F o o tn o te  17 )
23weeson,&A&sloir, and S m ith , op .  c i t .  (F o o tn o te  18)
2l*Wesson and Anslow, op« c i t . . (F o o tn o te  20)
25 g . H. Mudge, J .  F o u lk s , and A . G ilm an, E f f e c t  o f  u re a  d iu r e s i s  
on r e n a l  e x c re t io n  o f  e l e c t r o l y t e s ,  Am. J .  P h y s io l .  158:218-30 (19^9)*
th e  In c re a se d  p e rcen tag e  o f  th e  f i l t e r e d  sodium which was l o s t  to  
a  l im i t in g  p la sm a -to -u r in e  sodium c o n c e n tra tio n  g ra d ie n t  f o r  th e  
p rox im al tu h u le .  Under norm al c o n d i t io n s ,  ahout s e v e n -e ig h th s  o f  
th e  p rox im al f l u i d  i s  assumed to  he re a b so rb e d , s in ce  a much sm a lle r 
amount o f  u n re a b so rb a b le , o sm o tic a lly  a c t iv e  m a te r ia ls  a re  p r e s e n t .  
The d i s t a l  tu h u le ,  th o u g h t to  have re a h s o rp t io n  mechanisms which were 
n o t  c o n c e n tra tio n  l im i te d ,  can  th e n  e la b o ra te  an a lm ost sodium f r e e  
u r in e  i f  th e  lo a d s  a re  low enough. The d i f f e r e n t i a l  e f f e c t  on th e  
v a r io u s  s o lu te s  was n o t e x p la in e d , how ever.
On in je c t in g  v a r io u s  s o lu te s  such as  s a l i n e ,  m a n n ito l, u re a
26s o lu t io n s  in to  a r e n a l  a r t e r y ,  Goodyer and G lenn n o ted  a sh arp  in®r 
c re a se  in  sodium e x c r e t io n ,  a t t r i b u t i n g  i t  to  a c o n s ta n t tu b u la r  
re a b s o rp t io n  r a t e  and a suddenly in c re a se d  lo a d . Thi^ in c re a s e  in  
lo a d ,  how ever, cou ld  n o t be m easured s in ce  c o n s ta n t in fu s io n s  were 
n o t u sed  and so th e  r e l a t i o n  betw een in c re a se d  lo a d  and in c re a se d  
re a b s o rp t io n  i s  n o t known.
To s tudy  g lo m e ru la r- tu b u la r  r e l a t io n s h ip s ,  i t  i s  a ls o  d e s i r a b le  
to  change th e  f i l t e r e d  lo ad  w h ile  m in im izing  o r  acco u n tin g  f o r  any 
e x t r a - r e n a l  e f f e c t s .  In c re a se d  u r e t e r a l  p re s su re  o f  such m agnitude 
as  to  reduce  th e  f i l t r a t i o n  r a t e  in  one k idney w h ile  o b ta in in g , 
s im u lta n e o u s ly , u r in e  sam ples from th e  o p p o s ite  c o n tro l  k idney  to  
d e te c t  e x t r a r e n a l  changes was th o u g h t to  o f f e r  such a  t o o l .
^ A .  V. N. Goodyer and W. W. L . G lenn, E x c re tio n  o f  s o lu te s  
in je c te d  in to  th e  r e n a l  a r te r y  o f  th e  dog , Am. J .  P h y s io l .  l 6 8 s 
66-76  (1 9 5 2 ).
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E f f e c t s  o f  In c re a se d  U r e te r a l  P re s su re
In  1952, S h a r e ^  found t h a t  u r e t e r a l  p r e s s u r e s ,  a c u te ly  e le v a te d  
to  betw een 20 and 30 ran M ercu ry , le a d  to  d ec rea sed  g lom eru lar 
f i l t r a t i o n  r a t e ,  a marked re d u c tio n  in  sodium e x c re t io n  and u r in e  
f lo w , and g e n e ra lly  a d e c rea se  in  th e  p a ra  amino h ip p u ra te  (PAH) 
c le a ra n c e .  He f e e l s  t h a t  th e  d e c rea se  in  sodium e x c re t io n  and u r in e  
flo w  i s  accompanied hy an  in c re a se d  p e rcen tag e  tu b u la r  re a b s o rp t io n  
o f  w a te r and th a t  th e  changes a re  n o t e n t i r e l y  a t t r i b u t a b l e  to  th e  
low ered f i l t r a t i o n  r a t e .  Evidence f o r  t h i s  was o b ta in e d  by o b serv in g  
t h a t  th e  g lo m eru la r f i l t r a t i o n  r a t e  re tu rn e d  tow ard norm al in  th e  
second p re s su re  p e r io d ,  w hereas th e  sodium and w ater e x c re t io n  r a t e s  
rem ained  low . The v a r i a b i l i t y  o f  th e  d a ta ,  even a f t e r  th e  a p p l ic a t io n  
o f  c o r r e c t io n  f a c t o r s ,  i s  such th a t  i t  i s  d i f f i c u l t  to  fo llo w  t h i s  
i n t e r p r e t a t i o n .
00
L a te r  in  th e  same y e a r ,  S e lk u r t ,  B randfo rib rener, and G e lle r  
s tu d ie d  th e  e f f e c t s  o f  in c re a se d  u r e t e r a l  p re s su re  on r e n a l  hemo­
dynamics and f u n c t io n .  They found th a t  on in c re a s in g  th e  u r e t e r a l  
p re s s u re  to  52 cm b a lin e  ( c a .  38 mm m ercu ry ), th e  p re s su re -k id n e y  
fu n c t io n  in  r e l a t i o n  to  th e  c o n tro l-k id n e y  was reduced  approx im ate ly  
a s  fo llo w s : s a l in e  and w a te r , ^5 p e r c e n t;  p o ta ss iu m , 20 p e r c e n t;  
g lo m eru la r f i l t r a t i o n  r a t e ,  15 p e r  c e n t;  r e n a l  plasm a f lo w , 5 p e r
^ L ;  S h a re , E f f e c t  o f  in c re a se d  u r e t e r a l  p re s su re  on r e n a l  
f u n c t io n ,  Am. J .  P h y s io l .  168:97-106 ( 1952) .
^®E. E . S e lk u r t ,  M. B ran d fo n b ren er, and H. M. G e l le r ,  E f f e c ts  
o f  u r e t e r a l  p re s s u re  in c re a s e  on r e n a l  hemodynamics and th e  h a n d lin g  
o f  e l e c t r o l y t e s  and w a te r ,  Am. J .  P h y s io l . 170 : 61-71  ( 1952) .
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c e n t;  and g lucose and PAH tu b u la r  maxima n o t changed. They b e lie v e d  
th a t  th e  d ecreased  e x c re t io n  o f  e l e c t r o ly te s  and w a ter was due to  th e  
d ec rea sed  f i l t r a t i o n  r a t e  which p re se n te d  a sm a lle r lo ad  to  th e  tu b u la r  
c e l l s  and p e rm itte d  more com plete r e a b s o rp t io n . When th e  g lom eru lar 
f i l t r a t i o n  r a t e  was in c re a se d  dtbfring th e  in c re a se d  u r e t e r a l  p re s su re  
p e r io d s  by in c re a s in g  th e  a r t e r i a l  p re s su re  by means o f  an a u x i l ia r y  
pump, th e  e x c re tio n  o f  sodium, p o ta ss iu m , and w ater tended  to  be 
r e s to r e d .
C Q
In  bo th  o f  th e se  experim ents ^ a s a l in e  o r  R in g e r 's  s o lu t io n  
was u sed  to  o b ta in  a d iu r e s i s .  Thus, th e  f i l t e r e d  lo ad  o f  sodium 
was a lre a d y  in c re a se d  and th e  sodium c le a ra n c e , in  th e  case  o f  
S h a re 's  ex p erim en ts , was n e a r ly  10 p e r c e n t o f  th e  f i l t r a t i o n  r a t e .  
Thus a sm all change in  f i l t r a t i o n  r a t e ,  assum ing a n e a r ly  c o n s ta n t 
r a t e  o f  tu b u la r  r e a b s o rp t io n , would cause a sm all change in  e x c re tio n  
r a t e  in  com parison to  th e  p e rcen tag e  change a t  norm al sodium c l e a r ­
a n c e s . In  f a c t ,  under norm al c o n d it io n s , i f  th e  r a t e  o f  tu b u la r  
re a b s o rp t io n  i s  c o n s ta n t ,  a f r a c t io n  o f  a p e r c en t f i l t r a t i o n  r a t e
change would e i th e r  produce a sodium f r e e  u r in e ,  o r  more th an  double
th e  r a t e  o f  e x c r e t io n .  A lthough n o t im p o ss ib le , i t  i s  d i f f i c u l t  to  
im agine such p re c is io n  o f r e g u la t io n  o f  f i l t r a t i o n  r a t e .  A t th e  h ig h  
sodium lo a d s , S e lk u r t  d id  o b ta in  a l in e a r  r e l a t i o n  betw een g lom eru lar 
f i l t r a t i o n  r a t e  and u r in a ry  e x c re tio n  o f  sodium, however. I f  th e
prox im al tu b u le  norm ally  re a b so rb s  a lm ost a l l  o f  th e  f i l t e r e d  sodium,
and i f  th e re  were a c o n s ta n t d i s t a l  s e c r e t io n ,  th en  under th e
29 sh a re , op . c i t . (F oo tno te  27 ) and S e lk u r t  e t  a l . , o p . c i p . 
(F o o tn o te  28)
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c o n d itio n s  o f  sodium lo a d in g  "beyond a p rox im al rea"bso rp tion  maximum, 
such a r e l a t i o n  would be e x p ec te d . T h is  i n t e r p r e t a t i o n  o f  t h e i r  
r e s u l t s ,  how ever, i s  h ig h ly  s p e c u la t iv e .
The e f f e c t s  o f  in c re a s e d  u r e t e r a l  p re s su re  a re  r e l a t e d  to  th e  
e f f e c t s  o f  d ecreased  a r t e r i a l  p re s s u re ,  in c re a se d  venous p re s s u re , 
and in c re a se d  in t r a r e n a l  p re s s u re .  A lthough e l im in a t in g  th e  p u lse  
p re s s u re  h a s  l i t t l e  o r  no e f f e c t  on r e n a l  fu n c tio n , a d e c rea se  in  
a r t e r i a l  p re s su re  below  abou t 90 mm Hg cau ses  a la rg e  d e c rea se  in  
th e  e x c re t io n  o f  s a l t  and w a te r , a sm all d e c rea se  in  c r e a t in in e  
c le a ra n c e , and y e t  a sm a lle r  d e c rea se  in  th e  PAH c le a ra n c e .3 0 “32 
W inton33 in  1931 rev iew ed th e  work and id e a s  o f  th e  w orkers b e fo re  
him a s  to  why in c re a se d  u r e t e r a l  p re s su re  caused  a  d ec rea sed  u r in e  
f lo w . He supported  th e  h y p o th e s is  t h a t  th e  in c re a s e  in  u r e t e r a l  
p re s s u re  i s  t r a n s m it te d  to  th e  g lo m eru li to  cause a d ecreased  
f i l t r a t i o n  p re s su re  and h as  no e f f e c t  on th e  tu b u la r  fu n c t io n .  He 
d ec id ed  t h a t  t h i s  h y p o th e s is  cou ld  be proved by com paring th e  e f f e c t  
o f  in c re a se d  u r e t e r a l  p re s su re  on one k idney  w ith  th e  e f f e c t s
30A. V. N. Goodyer and W. W. L . G lenn, R e la t io n  o f  a r t e r i a l  
p u ls e  p re s su re  to  r e n a l  fu n c t io n ,  Am. J .  P h y s io l . 167 : 689-97  (1951)*
e .  S e lk u r t ,  E f f e c t  o f  p u lse  p re s su re  and mean a r t e r i a l  
p re s su re  m o d if ic a tio n  on r e n a l  hemodynamics and e l e c t r o l y t e  and 
w a te r e x c r e t io n ,  C lr c .  k :5^1-51  ( 1951)*
e .  S e lk u r t ,  P . W. H a ll ,  and M. P . S p en cer, In f lu e n c e  o f  
g raded  a r t e r i a l  p re s su re  decrem ent on r e n a l  c le a ra n c e  o f  c r e a t in in e ,  
p -am inoh ippcu ra te  and sodium, Am. J .  P h y s io l . 159:369-78 (1 9 ^ 9 ) .
33]?. r .  Win to n , The in f lu e n c e  o f  in c re a s e  o f  u r e t e r  p re s su re  
on th e  i s o la te d  mammalian k id n ey , J .  P h y s io l .  7 1 : 381-90  (1 9 3 1 ).
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produced by d e c re a s in g  th e  a r t e r i a l  p re s su re  to  a second k idney  in  
sim u ltaneous experim en ts w ith  a double k id n e y -h e a r t- lu n g  p re p a ra t io n .  
The in f lu e n c e s  would be th e  same i f ,  by a d ju s t in g  th e  a r t e r i a l  
p re s su re  o f  th e  seoond k idney  so t h a t  th e  r a t e  o f  u r in e  flo w  was th e  
same f o r  b o th , th e  com position  o f  u r in e  was found to  be th e  same.
He s tu d ie d  on ly  th e  c o n c e n tra tio n s  o f  u re a  and c h lo r id e ,  b u t found 
them to  be th e  same. In  h i s  rev iew  in  1 9 3 7 ^  he a d m itte d , how ever, 
t h a t  i t  would he n e ce ssa ry  to  s tudy  o th e r  components o f  th e  u r in e  
b e fo re  t h i s  ty p e  o f  experim ent would be c o n c lu s iv e .
U sing  c h lo r id e  and u re a  and a  s im ila r  ty p e  o f  ex p erim en t, he 
35concluded in  1931 t h a t  in c re a se d  venous p re s su re  and d ecreased  
a r t e r i a l  p re s su re  a c te d  th rough  s im ila r  mechanisms to  d e c rea se  u r in a ry  
o u tp u t .  I n  t h i s  same s e r ie s  o f  experim en ts  he found t h a t  w ith  
in c re a se d  venous p re s s u re , a subsequen t in c re a s e  in  u r e t e r a l  p re s su re  
had no e f f e c t  on u r in e  flow  o r b lo o d  flow  u n t i l  i t  exceeded th e  
venous p re s s u re .  However, i f  th e  u r e t e r a l  p re s su re  was in c re a s e d  and 
m a in ta in ed , a subsequen t in c re a s e  in  venous p re s su re  to  abou t th e  same 
v a lu e  caused  in c re a se d  u r in e  o u tp u t and a d ec rea sed  b lo o d  flo w . From 
th e se  and o th e r  experim ents he concluded t h a t  th e  venous p re s su re  i s  
t r a n s m it te d  to  th e  f l u i d  o f  th e  d i s t a l  tu b u le  and so r e t a r d s  th e  
s e c r e t io n  o f  u r in e  in  th e  same way and e x te n t  as  u r e t e r a l  p r e s s u re .
3^F. R . V in to n , P h y s ic a l  f a c to r s  in v o lv ed  in  th e  a c t i v i t i e s  o f  
th e  mammalian k id n ey , P h y s io l . Rev. 17 :^ 08-35  (1937) •
R . W inton, The in f lu e n c e  o f  venous p re s su re  on th e  i s o la te d  
mammalian k id n ey , J .  P h y s io l . 7 2 :U9-61  ( 1931) .
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However, a f r a c t io n  o f  th e  venous p re s su re  i s  t r a n s m it te d  "back a long  
th e  b lo o d  v e s s e ls  and in c re a s e s  th e  p re s su re  on th e  g lo m eru la r 
c a p i l l a r i e s  and so in c re a s e s  " s e c r e t io n ” o f  u r in e  as do sm all in c re a s e s  
i n  a r t e r i a l  p r e s s u r e s .  In  1951 , th e se  id e a s  w ere expanded and 
d is c u s s e d  a t  th e  T h ird  J o s ia h  Macy, J r . ,  C onference on R en a l F u n c tio n . 
An in t e r e s t i n g  f in d in g  re p o r te d  h e re  i s  t h a t  th e  u r e te r a l - p r e s s u r e  
r e q u ire d  to  i n h i b i t  u r in e  flow  in c re a s e s  as  in c re a se d  lo a d s  o f  osm otic  
d i u r e t i c s  a re  a p p l ie d . Whereas under "norm al" c o n d itio n s  in  th e se  
pum p-lung-kidney p re p a ra t io n s ,  u r e t e r a l  p re s s u re s  o f  10 cm w a te r w i l l  
d e c re a se  u r in e  f lo w , a 0 .7  p e r  c e n t sodium s u l f a te  d iu r e s i s  cau ses  
th re e  tim es th e  u r in e  flow  and r e q u ir e s  abou t th re e  tim es as  much 
(30  cm w a te r) u r e t e r a l  p re s su re  to  have any e f f e c t  on th e  u r in e  flo w . 
W inton a t t r i b u t e s  t h i s  to  in c re a se d  in t r a r e n a l  p re s su re  a s  a f f e c te d  
by th e  d i u r e t i c .  These f in d in g s  add a co m p lica tio n  to  s tu d ie s  o f  th e  
e f f e c t  o f  in c re a se d  u r e t e r a l  p re s s u re .  Evidence was a ls o  p re se n te d  
in  t h i s  same paper t h a t  a norm al i n t r a r e n a l  p re s su re  o f  about 25 mm 
m ercury i s  due to  c o n s t r ic t io n s  betw een th e  a rc u a te  and in te r lo b a r  
v e in s .  T h is  does n o t c o lla p se  tu b u le s ,  how ever, s in c e  th e  p re s s u re  
o cc lu d es  th e  d i s t a l  p a r t s  o f  th e  tu b u le s  to  an e x te n t  t h a t  c au ses  th e  
i n t r a - t u b u la r  p re s su re  to  be a t  l e a s t  25 mm m ercury a l s o .
S e lk u r t^ ?  p re se n te d  ev idence  th a t  th e  g lo m eru la r f i l t r a t i o n  r a t e  
i s  r e l a t i v e l y  independen t o f  a r t e r i a l  p re s su re  above abou t 80 mm
3^F. R . W inton, I n t r a r e n a l  p re s su re  and r e n a l  b lood  flo w , p p . 
51-102 in :  B ra d ley , S . E . ( e d i t o r ) ,  R enal F u n c tio n . T ra n sa c tio n s  o f  
th e  3 rd  C onference , O ctober 18-19 , 1951 (New Y ork: J o s ia h  Macy, J r . ,  
F o u n d a tio n , 1952).
3 7 e . e .  S e lk u r t ,  P h y s ic a l f a c to r s  in  r e l a t i o n  to  e l e c t r o l y t e  
w a te r  e x c r e t io n ,  p p . IO3-38  in :  B rad ley , op . c i t . (F o o tn o te  36 ) .
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m ercury In  th e  dog, b u t w ith  w hat appear to  be u n d e te c ta b le  changes 
in  th e  g lo m eru la r f i l t r a t i o n  r a t e ,  th e  r a t e  o f  sodium e x c re t io n  i s  
a f f e c te d  by on ly  s l i g h t  d e c rea se s  in  a r t e r i a l  p re s s u re .  He f e e l s  t h a t  
th e re  i s  no ev idence th a t  e le v a te d  u r e t e r a l  p re s s u re s  d i r e c t l y  enhance 
in  any way th e  re a b s o rp t io n  o f  w a te r . Hy changing f i l t r a t i o n  r a t e  by 
means o f  r a p id  in fu s io n s  o f  is o to n ic  s a l i n e ,  he was ab le  to  show t h a t  
th e  e x c r e t io n  o f  sodium can  be changed by 100 m ic ro e q u iv a le n ts  p e r 
m inute by changing  th e  f i l t r a t i o n  r a t e  1 m i l l i l i t e r  p e r m in u te , ( i t  
m igh t be n o te d , however, t h a t  i f  th e  r a t e  o f  tu b u la r  r e a b s o rp t io n  were 
c o n s ta n t ,  one ml p e r m inute o f  150 p E q / l  plasm a would g iv e  150 pEq/mln 
change in  e x c r e t io n .)
By o b s tru c t in g  th e  r e n a l  v e in  to  o b ta in  p re s su re s  o f  35 cm 
s a l i n e ,  B lake e t  a l . ^  were a b le  to  show t h a t  th e re  was a s ig n i f ic a n t  
d e c rea se  in  w a ter and sodium e x c r e t io n  w ith o u t e f f e c t  on r e n a l  plasm a 
flo w , f i l t r a t i o n  r a t e ,  o r  g lu co se  o r  d io d ra s t  tu b u la r  maximum. In  
an o th e r p a p e r , B lake and h i s  co-w orkers^^ showed t h a t  a r t e r i a l  
o c c lu s io n s  a ls o  cause no m easurab le  change in  f i l t r a t i o n  r a t e  b u t a 
d ec rea se  in  th e  w a ter and sodium e x c r e t io n .  (From such experim en ts 
i n  Which an im als were in fu se d  w ith  hypo ton ic  s a l in e ,  i t  i s  d i f f i c u l t  
to  im agine an o v e r-lo ad ed  p rox im al tu b u le  reab B o rp tiv e  system  f o r
B lak e , R . W egria, R . P . K e a tin g , and H. P . Ward, E f f e c t  
o f  in c re a se d  r e n a l  venous p re s su re  on r e n a l  fu n c t io n ,  Am. J .  P h y s io l . 
157:1-13  (19*9) •
D. B lak e , R . W egria, H. P . Ward, and C. W. F ran k , E f f e c t  
o f  r e n a l  a r t e r i a l  c o n s t r ic t io n  on e x c re t io n  o f  sodium and w a te r ,
Am. J .  P h y s io l . 163 :^ 22-29  (1 9 5 0 ).
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sodium .) The a u th o rs  conclude th a t  some f a c to r  o th e r  th a n  f i l t r a t i o n  
r a t e  r e g u la te s  th e  r a t e  o f  sodium and w ater e x c r e t io n .
H a ll and S e lh u r t^ 0 found th a t  in c re a se d  r e n a l  venous p re s su re  
(20-30  cm s a l in e )  reduced  sodium c le a ra n c e s  and u r in e  volume p ro ­
p o r t io n a l ly  so t h a t  th e  d i f f e r e n c e s  cou ld  "be a t t r i b u t e d  to  an in c re a se d  
iso sm o tic  re a h s o rp t io n  o f  tu b u la r  u r in e .  The po tassium  c le a ra n c e  was 
n o t  d ecreased  to  th e  same e x te n t ,  how ever. The a u th o rs  o f f e r  two 
e x p la n a tio n s : ( l )  d if f e r e n c e  in  r e n a l  k in e t i c s  f o r  th e  re a b s o rp t io n  
o f  po tassium  and sodium; o r  (2) a  s e c r e t io n  o f  po tassium  w hich rem ains 
unchanged, w h ile  r e a b s o rp t io n  changes p ro p o r t io n a l ly  as  much a s  t h a t  
o f  sodium.
Hwang e t  a l . ^  have shown th a t  th e se  changes in  r e n a l  fu n c tio n  
a re  r e p a ra b le .  A f te r  ch ro n ic  o c c lu s io n  o f  th e  i n f e r i o r  vena cava J u s t  
above th e  r e n a l  v e in s ,  a r e d u c tio n  in  r e n a l  b lo o d  flo w , g lo m eru la r 
f i l t r a t i o n  r a t e ,  and sodium e x c re t io n  o c c u rre d . A week l a t e r ,  th e  
e le v a te d  r e n a l  venous p re s su re  s t i l l  p e r s i s te d ,  b u t th e  r e n a l  b lo o d  
flo w  and f i l t r a t i o n  r a t e  had re tu rn e d  to  norm al, as  had th e  sodium 
e x c r e t io n .  They b e lie v e  th e  sodium e x c re t io n  i s  n o t  c lo s e ly  r e l a t e d  
to  f i l t r a t i o n  r a t e .
tf . H a ll ,  I I I ,  and E . E . S e lk u r t ,  E f f e c t s  o f  p a r t i a l  g raded  
venous o b s tru c t io n  on e l e c t r o l y te  c le a ra n c e  by th e  dog k id n ey , Am.
J .  P h v s lo l . 16V.1143- 51+ (1 9 5 0 ).
Hwang, L . C. Akman, A. J .  M i l le r ,  E . N. S i l b e r ,  J .
S tu m le r , and L . N. K a tz , E f f e c ts  o f  s u s ta in e d  e le v a t io n  o f  r e n a l  
venous p re s su re  on sodium e x c re t io n  in  u n a n e s th e tiz e d  dog, Am. J .  
P h v s lo l . 162:61*9-5^ (1 9 5 0 ).
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A y e a r  l a t e r ,  how ever, M ueller e t  a l .  p re se n te d  a new f a c e t  o f  
th e  p roblem . A f te r  l i g h t  c o n s t r ic t io n  o f  th e  a r t e r y  o f  t r ig o n e -  
e x p lan ted  dogs, a perm anent 20-50  p e r  c e n t d e c rea se  in  e x c re t io n  o f  
sodium and w a te r o ccu rred  w ith o u t a d e te c ta b le  change in  PAH o r  
in u l in  c le a ra n c e s , a lth o u g h  th ey  b e lie v e  a s l i g h t  d e c rea se  in  glom eru­
l a r  f i l t r a t i o n  r a t e  d id  o c c u r . T h is  d ec rea sed  fu n c tio n  would rem ain  
f o r  more th a n  a week. I f  th e  u n l ig a te d  k idney  was removed, how ever, 
th e  o u tp u t o f  th e  l ig a te d  k idney  r e tu rn e d , n o t o n ly  to  norm al, b u t to  
th e  p re o p e ra t iv e  o u tp u t o f  th e  two k idneys to g e th e r .  A p p a ren tly , 
th ey  f e l t ,  th e  u n l ig a te d  k idney  p rev en ted  s a l t  and w a te r s u rp lu se s  
which would u s u a lly  cause a l t e r a t i o n  o f  th e  tu b u la r  b eh av io r in  th e  
l ig a t e d  k id n e y . They th e n  proposed t h a t  th e  tu b u la r  re a b s o rp t iv e  
b e h av io r tow ard s a l t  and w a te r was c o n s ta n t in  s l i g h t ,  a cu te  d e c re a se s  
in  f i l t r a t i o n  r a t e .  T h is  co n stan cy , th ey  f e e l ,  i s  i n  te rm s o f  amount 
re a b so rb e d  and n o t p e r c e n t o f  f i l t e r e d  lo a d , amount reab so rb ed  p e r  
u n i t  o f  f i l t r a t e ,  o r  osm otic  w ork.
k-3
P i l c h e r ,  B ollm an, and Mann s tu d ie d  th e  e f f e c t s  o f  in c re a se d  
u r e t e r a l  p re s su re  in  u n a n e s th e tiz e d  dogs w hich w ere i n  w a ter d iu r e s i s  
and found t h a t  a t  h ig h  p re s s u re s  (^ 0-60  cm w a te r)  th e  p e lv is  was 
expanded, a d ec rea sed  flow  o c c u rre d , and o f te n  a  r e l a t i v e l y  g r e a te r  
d e c rea se  in  t o t a l  amount o f  c h lo r id e  was e x c re te d . Only a t  60 cm 
w a te r p re s su re  were B lig h t d e c re a se s  in  t o t a l  c r e a t in in e  and u re a
U2C. B . M u e lle r , A. S u r ts h in ,  M. R . C a r l in ,  and H. L . W hite , 
G lom erular and tu b u la r  in f lu e n c e s  on sodium and w a te r e x c r e t io n ,
Am. J .  P h v s lo l . 165:101-22 (1 9 5 1 ).
P i l c h e r ,  J r . ,  J .  L . B ollm an, and F . C. Mann, The e f f e c t  o f  
in c re a s e d  i n t r a - u r e t e r a l  p re s su re  on r e n a l  fu n c t io n ,  J .  U ro l . 38 : 
202-11  (1 9 3 7 ).
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e x c r e t io n  n o te d . They o b serv ed , how ever, t h a t  th e  e x c r e t io n  o f  
p h en o su lp h o n p h th a le in  (PSP) was d ec rea sed  p ro g re s s iv e ly  above 35 cm. 
They made th e  in t e r e s t i n g  o b se rv a tio n  th a t  w ith  u n i l a t e r a l l y  in f e c te d  
k id n e y s , th e  in fe c te d  o rgan  ex cre ted  la rg e  q u a n t i t i e s  o f  u r in e  and 
c h lo r id e ,  w hereas th e  h e a lth y  k idney  e x c re te d  a lm ost th e  e n t i r e  
q u a n ti ty  o f  c r e a t in in e ,  u r e a ,  and PSP.
Y et a n o th e r f a c e t  i s  added by th e  work o f  E g g le to n , Pappehheim er,
kli
and W inton, who found th a t  i f  s im u ltaneous in c re a s e  o f  b o th  u r e t e r a l  
and a r t e r i a l  p re s su re  was made in  i s o la te d  k idney  p re p a ra t io n s  so 
t h a t  u r in e  flow  was n o t  changed, th e  f i l t r a t i o n  r a t e  was d ecreased  
16 p e r  c e n t and u rea  c le a ra n c e  7 p e r  c e n t ,  w h ile  c h lo r id e  e x c re t io n  
and e l e c t r i c a l  c o n d u c tiv ity  o f  th e  u r in e  rem ained c o n s ta n t .  I f  
s im u ltaneous in c re a s e s  in  venous and a r t e r i a l  p re s s u re s  w ere made 
which caused  no change in  u r in e  flo w , no change in  c r e a t in in e ,  u re a  
c le a ra n c e  was n o te d , n o r a  change in  u r in e  c o n d u c t iv i ty .  They f e e l  
t h a t  th e  m ain e f f e c t  o f  in c re a se d  u r e t e r a l  p re s su re  i s  to  d ec rea se  
th e  g lom eru lar f i l t r a t i o n  r a t e  w ith  a s u b s id ia ry  e f f e c t ,  p robab ly  
to  i n h i b i t  w a ter r e a b s o rp t io n  i n  th e  tu b u le s .  As rev iew ed  p re v io u s ly , 
venous p re s su re  a c ts  n o t on ly  as  u r e t e r a l  p re s su re  (by o cc lu d in g  th e  
d i s t a l  p o r t io n s  o f  th e  nephron o r  in  in t r a r e n a l  p r e s s u r e ) ,  b u t  a ls o  
a c t s  to  in c re a s e  th e  f i l t r a t i o n  p re s su re  and th u s  m a in ta in s  
f i l t r a t i o n  r a t e .
Thus, th e  e f f e c t s  c f  in c re a se d  u r e t e r a l  p re s su re  a re  com plex.
« K .  G. E g g le to n , J .  R . Pappehheim er, and J .  R . W inton, The 
r e l a t i o n  betw een u r e t e r ,  venous, and a r t e r i a l  p re s s u re s  in  th e  
i s o la t e d  k idney  o f  th e  dog, J .  P h y s io l . 99 :135“52 (1 9 ^ 0 ) .
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I t  would appear t h a t  In c re a se d  u r e t e r a l  p re s su re  a c ts  p r im a r i ly  "by
d e c re a s in g  th e  f i l t r a t i o n  p re s su re  g ra d ie n t  and th u s  r a t e ,  th e reb y
cau sin g  a d e c rea se  in  f i l t e r e d  lo a d  w ith  r e l a t i v e l y  c o n s ta n t o r
s l i g h t l y  in h ib i te d  tu b u la r  fu n c t io n .  A nother f a c to r  which i s  o f
im portance , however, i s  th e  p o s s ib le  e f f e c t  o f  s t r e tc h in g  th e  tu b u le s
by th e  abnormal in t r a r e n a l  and p e lv ic  p re s s u re s .  As G ootschalk  ^
has shown, from h i s  s tu d ie s  on r e n a l  i n t e r s t i t i a l  p re s s u re s ,  th e
k idney  i s  n o t J u s t  a  bgg o f  f l u i d  and lo c a l  in c re a s e s  in  p re s su re
a re  n o t t ra n s m it te d  und im in ished  th ro u g h o u t th e  k id n ey . P re s su re s
e x e r te d  on th e  p a p i l l a  cou ld  occlude  th o se  th in  lo o p s which d ip
th ro u g h  th e  m edulla  to  th e  p a p i l l a ,  and th e reb y  occlude  th e  e n t i r e
U6neph ro n . A lso , as p o in te d  o u t by B rad ley  e t  a l .  th e  nephron 
p o p u la tio n  i s  n o t homogenous, and some nephrons may be a f f e c te d  to  
a much g r e a te r  o r  l e s s e r  e x te n t  th a n  o th e r s .
R enal H andling o f  Magnesium and Calcium
Having rev iew ed some o f  th e  e f f e c t s  o f  osm otic d iu r e t i c s  and o f  
in c re a se d  'u r e te r a l  p re s su re  and p re se n te d  th e  problem  o f  w hether 
c o n s ta n t tu b u la r  a c t i v i t y  i s  te n a b le  as  a h y p o th e s is  to  e x p la in  
e x c re to ry  p a t te r n s  w ith  changes in  f i l t r a t i o n  r a t e ,  a rev iew  o f  
th e  l i t e r a t u r e  co n cern ing  th e  r e n a l  h a n d lin g  o f  magnesium and 
calc ium  i s  in  o rd e r .  S e v e ra l rev iew  a r t i c l e s  have appeared  co n cern ing
1*5C. W. G o o tscha lk , An ex p erim en ta l and com parative  s tu d y  o f  
r e n a l  i n t e r s t i t i a l  p re s s u re , Am. J .  P h y s io l . l6 3 :7 l6 p  (1 9 5 0 ).
I^ S .  E . B rad ley , E . L e i f e r ,  and J .  F . N ic k e l, D is t r ib u t io n  o f  
fu n c t io n a l  a c t i v i t y  among th e  nephron p o p u la tio n , in :  Lewis and 
W olsteriholm e, oj>. c i t .  (F o o tn o te  15) •
magnesium m etabolism .
Homer S m ith ,^3 in  h i s  c l a s s i c a l  monograph on th e  k idney  p u b lish e d  
in  1951 > s ta t e d  t h a t  a t  t h a t  tim e n o th in g  was known about th e  r e n a l  
h a n d lin g  o f  magnesium and l i t t l e  about ca lc iu m . From th e  work o f  
W atchom  and M cCance^ as  e a r ly  as 1932 , in d ic a t io n s  as to  th e  
f i l t e r a b i l i t y  o f  magnesium as  determ ined  by u l t r a f i l t r a t i o n  experim en ts  
were a v a i l a b le .  They re p o r te d  th a n  about 75 p e r c e n t o f  th e  t o t a l  
serum magnesium and about 57 p e r  c e n t o f  th e  t o t a l  serum calc ium  
were u l t r a f i l t e r a b l e . They re p o r te d  t h a t  th e  u l t r a f i l t e r a b l e  l e v e l s  
in  norm al man f o r  serum magnesium i s  1 .8  mg p e r  c e n t and th a t  o f  
ca lc iu m , 5*23 mg p e r  c e n t .  W alker and W alker55 in  1936 in d ic a te d
lj-7'L . Engback, The p h arm aco log ica l a c t io n s  o f  magnesium io n s  w ith  
p a r t i c u l a r  re fe re n c e  to  th e  neurom uscular and th e  c a rd io v a s c u la r  
system , Pharm acol.  R ev. U:396-UlU ( 1952) .
o .  Haury, V a r ia t io n  in  serum magnesium in  h e a l th  and d i s ­
e a se : a rev iew , J .  Lab. and C l in . Med. 27 : 1361-75 ( 19I12) .
^9p . K. Sm ith , A. W. W in k le r, and H. E . H o ff, The pharm aco lo g ica l 
a c t io n  o f  p a r e n te r a l ly  ad m in is te red  magnesium s a l t s .  A rev iew .
A n esth es lo lo g y  3 : 323-30  (19^+2).
59d . M. G reenberg , M inera l m etabo lism . C alcium , magnesium, and 
phosphorus, Am. Rev.  Blochem. 8 :269-300 (1 9 3 9 ).
5 ^ .  s  • W alker and E . W. W alker, Normal magnesium m etabolism  and 
i t s  s ig n i f i c a n t  d is tu rb a n c e s , J .  Lab. and C l in . Med. 21 :713-20 (1 9 3 6 ).
52C. L . A. Schm idt and P .  M. G reenberg , O ccurance, t r a n s p o r t ,  and 
r e g u la t io n  o f  ca lc iu m , magnesium, and phosphorus i n  th e  anim al 
o rgan ism , P h y s io l .  Rev. 1 5 :297-^ 3^ (1 9 3 5 ).
53smith, op . c l t . (F o o tn o te  11)
W atchom  and R . A . McCance, In o rg an ic  c o n s t i tu e n ts  o f  
c e re b ro s p in a l  f l u i d .  I I .  The u l t r a f i l t r a t i o n  o f  calcium  and magnesium 
from  human s e r a ,  Blochem. J .  26:^h-6b  ( 1932) .
^ ib id .
t h a t  th e  norm al u r in a ry  e x c re t io n  o f  magnesium In  man was betw een 
0.033 and O.307  gm p e r  2k h o u rs  (w ith  an  average o f  0 .103) • S ince 
th e  u s u a l  c le a ra n c e  r a t e  i s  a s s e s se d  as  XJV/P, where TJV r e p re s e n ts  
th e  r a t e  o f  e x c re t io n  p e r m in u te , th e n  from th e  d a ta  p re s e n te d , an 
e s tim a te  o f  th e  c le a ra n c e  r a t e  may be o b ta in e d .5^
Magnesium r e t e n t io n  by th e  k id n ey s h a s  been  found to  occur 
a lm ost m axim ally in  th e  case  o f  p a t i e n t s  w ith  p e p t ic  u lc e r s  (w ith o u t 
r e n a l  d y s fu n c tio n ) by fe e d in g  p ro te in  and e l e c t r o l y t e - f r e e  d i e t s  f o r  
two w eeks.57 U rin a ry  e x c re t io n  o f  magnesium, ca lc iu m , and p o tassium  
in  su p ra reu a lec to m lzed  r a t s  was found by Sandberg^® to  rem ain  
unchanged, w h ile  t h a t  o f  sodium in c re a se d  d u rin g  sodium c h lo r id e  
tr e a tm e n t .
Haynes ejt a l .* ^  found th a t  magnesium and sodium r e te n t io n  
o ccu rred  fo llo w in g  su rg e ry , b u t found th a t  ex cess  po tassium  was 
e x c re te d . They a t t r i b u t e  th e  e f f e c t  ito  a d re n a l horm ones. The 
q u e s tio n  a r i s e s  as  to  th e  p o s s ib le  r o le  o f  th e  a d re n a l c o r t i c a l  
horm ones, such a s  a ld o s te ro n e , c au s in g  po tassium  e x c r e t io n  b u t 
sodium r e t e n t io n .  The e f f e c t  o f  th e  a d re n a l c o r t i c a l  hormones on 
magnesium and calc ium  m etabolism  i s  r ip e  f o r  in v e s t ig a t io n .  These
5^For exam ple, th e  c le a ra n c e  o f  magnesium i s :
cMg "  p f  "  2 k ^ 6 ^ m in. x  1 .8  mg/100 ml x  .75  5 *3
57k .  G. Lowe, M etabo lic  s tu d ie s  w ith  p r o te in - f r e e  e l e c t r o l y t e -  
f r e e  d i e t  in  man. C l in . S c i .  12:57-62  (1953)*
58m.  Sandberg , X>. P er l a ,  and 0 .  M. H o lly , The m etabolism  o f  
w a te r , c h lo r id e ,  p o ta ss iu m , sodium, ca lc iu m , magnesium, and phosphorus 
in  su p rad ren a lec to m ized  r a t s ,  E ndocrino logy  21:352-56  (1937)*
^ B .  W. H aynes, J r . ,  E . S . C raw ford, and M. E . DeBakery,
Magnesium m etabolism  in  s u r g ic a l  p a t i e n t s .  E x p lo ra to ry  o b s e rv a tio n s , 
Ann.  S u re . 136: 659-67  (1 9 5 2 ).
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60r e s u l t s  m igh t he compared to  th o se  o f  H e lle r  e t  a l .  who found th a t  
a f t e r  th e  in tra v e n o u s  a d m in is t r a t io n  o f  magnesium s u l f a t e ,  th e  
magnesium, sodium, and c h lo r id e  e x c r e t io n  was In c re a se d  b u t t h a t  o r  
p o tass iu m  d e c re a se d .
A se v e rin g  o f  th e  sp la n c h ic s  was re p o r te d  to  cause a d e c rea se  in  
th e  u r in a ry  e x c r e t io n  o f  magnesium i n  r a b b i t s .  Y u u M ^  a ls o  found 
th a t  c h o lic  a c id  cau ses  a  d ec rea se  i n  th e  magnesium e x c r e t io n  o f  th e  
norm al and o p e ra te d  r a b b i t s .
The d ia r rh e a  fo llo w in g  o r a l  a d m in is tr a t io n  o f  Epsom s a l t s  
(magnesium s u l f a te )  i s  w e ll  known. When a d m in is te red  in tra v e n o u s ly  
i n  e x c e ss iv e  am ounts, an a n e s th e t ic  and p a ra ly z in g  e f f e c t  i s  n o ted  
w hich le a d s  to  r e s p i r a to r y  a r r e s t .  However, t h i s  n a rc o t ic  e f f e c t  has
62b een  used  to  r e l i e v e  th e  co n v u lsio n s  o f  n e p h r i t ic  syndrome In  a d u l t s .  
The r a t e  o f  e x c r e t io n  o f  magnesium in  th e se  s u b je c ts  w ith  r e n a l  
damage was p ro p o r t io n a l  to  th e  im paired  g lo m eru la r f i l t r a t i o n  r a t e .
P a r t  o f  th e  e f f e c t s  o f  magnesium s u l f a te  on r e n a l  fu n c tio n  
appear to  be e x p la in a b le  by th e  e f f e c t s  o f  th e  magnesium on r e n a l
^ B .  I .  H e l le r , J .  F .  Hammers t e n ,  and P . L . S tu tzm an, C oncerning 
th e  e f f e c t s  o f  magnesium s u l f a te  on r e n a l  fu n c t io n ,  e l e c t r o l y t e  
e x c r e t io n ,  and c le a ra n c e  o f  magnesium, J .  C l in . I n v e s t . 32 : 858-61
(1953)•
6 lM. Y uuki, M etabolism  o f  magnesium and b i l e  a c id .  E x c re tio n  o f  
magnesium under th e  in f lu e n c e  o f  c h o lic  a c id  in  norm al r a b b i t s  and in  
r a b b i t s  w ith  th e  sp lan c h n ic s  sev e red , J .  Blochem. (Japan ) 25:^35-52
(1937)* (Chem. A b s t. 31:86527)
^ A .  W. W in k le r, P . K. Sm ith , and H. E . H o ff, In trav en o u s  
magnesium s u l f a t e  in  th e  tre a tm e n t o f  n e p h r i t i c  co n v u ls io n s  in  
a d u l t s ,  J .  C l in .  I n v e s t . 21:207-16 (1 9 ^ 2 ) .
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hemodynamics. E t t e ld o r f  e t  a l . 3 s tu d ie d  th e  in f lu e n c e  o f  magnesium 
s u l f a t e  on r e n a l  hemodynamics in  norm al c h i ld r e n .  H a rr is  and 
D eM aria^  found th a t  magnesium s u l f a te  caused  a d ec reased  r e n a l  
r e s i s ta n c e  which may he a t t r i b u t e d  to  d i l a t i o n  o f  th e  a f f e r e n t  
a r t e r i o l e s .  T h is  co n c lu s io n  was s u b s ta n t ia te d  on th e  f in d in g s  t h a t  
no sig iiL ifican t changes in  f i l t r a t i o n  r a t e  o r  e f f e c t iv e  r e n a l  plasm a 
was found w ith  an average d e c rea se  in  b lood  p re s su re  o f  30 p e r  c e n t .
A d m in is tra tio n  o f  magnesium s u l f a te  u s u a l ly  r e s u l t s  in  a d i u r e s i s .
65P f e i f f e r  e t  a l . found th a t  an e s tim a te  o f  th e  d iu r e t i c  e f f e c t s  o f  
each  o f  th e  serum c a t io n s  cou ld  be o b ta in e d  by add ing  them to  an 
o r a l  dose o f  0.V? p e r  c e n t sodium c h lo r id e  s o lu t io n .  On do ing  t h i s ,  
th ey  found th a t  magnesium r e s u l te d  in  th e  g r e a te s t  d iu r e s i s ,  
po tassium  was in te rm e d ia te , and calcium  caused  th e  l e a s t  d i u r e s i s .
Wien th ey  combined calcium  and p o tass iu m , th e  d iu r e t i c  e f f e c t  o f  
each  was p re v e n te d , and r e te n t io n  o f  c h lo r id e  o c c u rre d . A lthough 
th e  d iu r e t i c  e f f e c t s  o f  magnesium were g r e a t ly  d im in ished  by th e  
a d d i t io n  o f  b o th  calcium  and po tassium  to  th e  s a l in e  s o lu t io n ,  th e  
magnesium d iu r e t i c  e f f e c t  was n o t co m ple te ly  e l im in a te d . W ich ita
^ J .  N. E t t e l d o r f ,  G. W. C lay to n , A*‘H . T u t t l e ,  C. R . Houck, 
and L o is  Jo n e s , R enal fu n c tio n  s tu d ie s  in  p e d i a t r i c s .  I I .  In f lu e n c e  
o f  magnesium s u l f a te  on r e n a l  hemodynamics in  norm al c h i ld re n , Am.
D isea se s  C h ild re n  83:301-05 (1 9 5 2 ).
f\kJ .  S . H a rr is  and W. J .  H. DeM aria, E f f e c ts  o f  magnesium 
s u l f a te  on th e  r e n a l  dynamics o f  norm al dogs, Am. J .  P h y s io l .  166: 
199-201  (1 9 5 1 ).
65C. P f e i f f e r ,  C. C. Roby, and R . B . Sm ith , The d iu r e t i c  e f f e c t  
o f  p o tass iu m , ca lc iu m , and magnesium g iv en  o r a l ly  in  s a l t  s o lu t io n ,
Am. J .  P h v s lo l . 13^:729-32 (1 9 M ).
66and Stanes& o found t h i t  In trav en o u s  a d m in is t r a t io n  o f  magnesium 
s u l f a t e  lik e w is e  caused  an in c re a se d  u r in a ry  volume which th ey  p re ­
sumed to  he due to  c a rd io v a s c u la r  changes, because  in je c t io n s  o f  
p i lo c a rp in e  c o u n te ra c te d  th e  d iu re s iB . A d m in is tra tio n  o f  calc ium  
c h lo r id e  fo llo w in g  th e  i n je c t io n  o f  magnesium s u l f a te  was found to  
augment th e  d i u r e s i s .  G a j a t t o ^  found t h a t ,  in  g e n e ra l ,  th e  d iu r e s i s  
produced by sodium s u l f a te  was in c re a se d  when magnesium c h lo r id e  was 
a d m in is te red  in tra v e n o u s ly , and th e  ad m in is te red  magnesium c h lo r id e  
was i t s e l f  r a p id ly  e x c re te d . However, she found th a t  sm all doses o f  
magnesium i n h i b i t  d iu r e s i s  w hich waB caused  by th e  in trav e n o u s  
I n je c t io n  o f  h y p e rto n ic  sodium c h lo r id e  s o l u t i o n s . D e A l v a r e z  nnfl 
R ic h a r d s ^  lik e w is e  found th a t  th e  magnesium s u l f a te  in  p a t ie n t s  
w ith  pregnancy toxem ias was d i s t i n c t l y  a n t i - d i u r e t i c .
The e f f e c t  o f  magnesium in  r a t  d i e t s  c o n ta in in g  calc ium  in  
r e l a t i o n  to  th e  r e te n t io n  o f  calc ium  by th e  body was found by 
R andoin e t  a l . ^  to  be dependent on th e  an io n  a s s o c ia te d  w ith  th e
66G. N ic h ita  and M. S tan esco , The pharmacodynamics o f  magnesium 
s u l f a t e .  I x .  The a c t io n  o f  magnesium s u l f a te  on th e  s a l iv a r y ,  b i l i a r y ,  
and r e n a l  s e c re t io n s  o f  th e  dog, B u l l , acad . med. Roumanie 17:116-25 
(191*5) • (Chem. A b s t. 4 l:5 2 l4 h )
^ S .  G a ja t to ,  A c tio n  o f  magnesium c h lo r id e  on d iu r e s i s  provoked 
by in tra v e n o u s  I n je c t io n  o f  h y p e rto n ic  s o lu t io n s  o f  sodium s u l f a t e ,  
A rch ,  fa rm a c o l. s p e r . 66:19-42  ( 1938) .  (Chem. A b s t. 32 : 7570?)
68DOS . G a ja t to ,  A c tio n  o f  magnesium on d iu r e s i s  provoked by* 
h y p e rto n ic  s o lu t io n s  o f  sodium c h lo r id e ,  A rch , fa rm aco l. s p e r . 6 5 : 
24-48 (1 9 3 8 ). (Chem. A b st.  32:30243)
69 r .  R . DeAlvarez and D. F . R ic h a rd s , The e f f e c t  on r e n a l  o u tp u t 
o f  d rugs u sed  in  pregnancy tox em ias, Am. J .  O b s te t . G ynecol.  63 : 
1263-71 (1 9 5 2 ).
TOl. R andoin , J .  C a u se re t, D. H ugot, and G. M orel, In f lu e n c e  o f  
v a r io u s  magnesium s a l t s  a d m in is te red  o r a l ly  on r e t e n t io n  o f  calc ium  in  
th e  body, B u l l , so c . chlm. b l o l . 3 l*:H 59“63 (1 9 5 2 ). (Chem. A b s t. 47 : 
8849e)
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magnesium compound. They found t h a t  ca rb o n a te  red u ces  th e  calc ium  
a b so rp tio n  w ith o u t m odify ing  th e  u r in a ry  e x c re t io n  o f  ca lc iu m , b u t 
t h a t  c h lo r id e ,  c i t r a t e ,  and e s p e c ia l ly  s u l f a t e  w ith  magnesium in c re a s e  
th e  a b so rp tio n  and u r in a ry  e x c re t io n  o f  ca lc iu m , w ith o u t s ig n i f i c a n t ly  
a f f e c t in g  th e  calcium  b a la n c e . Magnesium in g e s t io n  cau ses  an in c re a se d  
calc ium  e lim in a tio n  acco rd in g  to  T ib b e t ts  and A u b .^  A d m in is tra tio n  
o f  magnesium l a c t a t e  a c c e n tu a te s  th e  e f f e c t  o f  ammonium c h lo r id e  in  
e le v a t in g  u r in a ry  calc ium  e x c r e t io n .
When calcium  and magnesium a re  in je c te d  in tra v e n o u s ly , McCance 
and Widdowson^2 found th a t  th e re  i s  a r a p id  in c re a s e  in  th e  e x c re t io n  
o f  calc ium  and magnesium by th e  k id n ey , which acco u n ted , in  m ost 
c a s e s ,  f o r  t ie  amount which was in je c te d .  They found no ev idence  th a t  
th e re  i s  any lo s s  o f  t h i s  in je c te d  calc ium  and magnesium by way o f  
th e  g a s t r o - i n t e s t i n a l  t r a c t .  T h is  i s  an in t e r e s t i n g  f in d in g , in  
t h a t  i t  i s  d i f f i c u l t  to  im agine t h a t  th e  g a s t r o - i n t e s t i n a l  t r a c t  would 
be th e  s i t e  o f  hom eo sta tic  c o n tro l  i f  ex cess  magnesium and calc ium  in  
th e  b lood  cou ld  n o t be e lim in a te d  by t h i s  r o u te ,  as in  c a se s  o f  
t i s s u e  breakdown. The e x c re t io n  in  th e  fe c e s  was n o t in c re a se d  
fo llo w in g  magnesium in je c t io n ,  a cco rd in g  to  W inkler e t  a l . ^  They 
concluded th a t  " i t  m ust be assumed th a t  th e  m ain chan n e l o f  e x c re t io n
M. T ib b e t ts  and J .  C. Aub, Magnesium m etabolism  in  h e a l th  
and d is e a s e ,  I .  The magnesium and calc ium  e x c re t io n  o f  norm al 
in d iv id u a ls ,  a ls o  th e  e f f e c t s  o f  magnesium, c h lo r id e ,  and phosphate  
io n s , J .  C l in . I n v e s t . 16:^91-501 (1937)*
7 % . A . McCance and E . M. Widdowson, The f a t e  o f  calc ium  and 
magnesium a f t e r  in trav e n o u s  a d m in is tra t io n  to  norm al p e rso n s , Biochem. 
J .  33 :523-29 (1 9 3 9 ).
7 3 w in k ie r, Sm ith , and H off, o p . c i t .  (F o o tn o te  62 )
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o f  I n je c te d  magnesium i s  th e  u r in e ,  and th a t  in  advanced n e p h r i t i s  
w ith  d e p re ssed  c le a ra n c e , t h i s  e x c re t io n  i s  o r d in a r i ly  much im p a ired ."
A f te r  in tra v e n o u s  in je c t io n  o f  magnesium s u l f a t e ,  S m ith , W inlcler,
yIl
and S chw artz ' r e p o r te d  t h a t  over and above th e  magnesium which i s  
accoun ted  f o r  in  th e  u r in e  and s to o l s ,  th e  magnesium i s  d i s t r ib u te d  
th ro u g h  20 to  25 p e r  c e n t o f  th e  body w eigh t in  a manner s im ila r  to  
t h a t  o f  sodium, and t h a t  an o th e r p a r t  o f  t h i s  may le av e  th e  e x t r a ­
c e l l u l a r  f l u i d  and be d i s t r ib u te d  i n  some unknown form e lsew here  in  
th e  body . (From th e  make-up o f  bone, th e  d e p o s it io n  o f  magnesium in  
bone m igh t be a l i k e ly  s i t e . )
H e lle r  e t  a l .^ 5  gave a c o n s ta n t in trav e n o u s  a d m in is tra t io n  o f  
magnesium s u l f a t e  to  p a t i e n t s  w ith o u t r e n a l  o r  c a rd io v a s c u la r  
d is e a s e s  and d isco v e re d  th a t  th e re  was a s ig n i f i c a n t  b u t s l i g h t  
d e c rea se  in  r e n a l  plasm a flo w  and g lo m eru la r f i l t r a t i o n  r a t e .  They 
a ls o  found th a t  th e  magnesium s u l f a te  caused  in c re a se d  u r in a ry  
e x c r e t io n  o f  sodium and c h lo r id e  w ith  a d ec rea sed  e x c re t io n  o f  
p o ta ss iu m , even though th e  serum c o n c e n tra tio n s  o f  th e s e  e l e c t r o l y t e s  
d id  n o t change. The mean r e n a l  c le a ra n c e  o f  magnesium in  th e  b a s a l  
s t a t e  was 5*37 cc p e r  m in u te . Under th e  in f lu e n c e  o f  magnesium 
s u l f a t e ,  how ever, i t  was in c re a se d  to  26 . 3 . They n e g le c t  magnesium 
b in d in g  to  serum p ro te in s  and any c o n s id e ra t io n  o f  th e  Gibbs-Dorman 
f a c t o r .  Thus t h e i r  c le a ra n c e  v a lu e  i s  p robab ly  a t  l e a s t  10 p e r  c e n t
K. Sm ith , A. W. W in k le r, and B. M. S chw artz , The d i s t r i b u ­
t i o n  o f  magnesium fo llo w in g  th e  p a r e n te r a l  a d m in is tra t io n  o f  magnesium 
W l f a t e ,  J .  B io l . Chem. 129 : 51-56  (1 9 3 9 ).
^ ^ H e lle r , HammarBten, and S tutzm an, o p . c i t .  (F o o tn o te  60 )
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low . U sing  man In s te a d  o f  e x p e rim en ta l a n im a ls , th ey  cou ld  n o t 
r a i s e  th e  magnesium l e v e l  In  th e  plasm a to  l e v e l s  w hich m ight 
in d ic a te  r e n a l  s e c r e t io n  o f  t h i s  c a t io n .  Because o f  i t s  o p p o s ite  
e f f e c t s  on sodium and p o tass iu m , th ey  f e e l  t h a t  i t  may e n te r  in to  th e  
io n  exchange mechanism which a c t s  on th e  e x c r e t io n  o f  sodium and 
p o ta ss iu m . B i e t e r ^  h as  shown th a t  magnesium i s  e x c re te d  by th e  
ag lo m eru la r f i s h  k id n ey , th u s  in d ic a t in g  t h a t  a t  l e a s t  one sp e c ie s  
s e c re te s  magnesium in to  th e  u r in e .  He a ls o  n o ted  t h a t  w hereas 
magnesium caueee a marked d iu r e s i s ,  l i th iu m  and sodium have a lm ost no 
e f f e c t  on u r in e  o u tp u t .
S ince  m ost o f  th e  p a r e n te r a l ly  a d m in is te red  magnesium app ears  
i n  th e  u r in e ,  i t  would he ex p ec ted  t h a t  in  case  o f  r e n a l  d y s fu n c tio n , 
th e  serum le v e l s  would r i s e .7 ^ ”^  The serum magneeium c o n c e n tra tio n
Q*i
d id  n o t exceed double th e  norm al amount. (A lthough two tim es 
2 mEq/l does n o t appear l a r g e ,  two tim es th e  norm al sodium le v e l s  
would be viewed w ith  a la rm . I t  i s  v e ry  p o s s ib le  t h a t  th e
N. B ie te r ,  F u r th e r  s tu d ie s  co n cern in g  th e  a c t io n  o f  
d i u r e t i c s  upon th e  ag lo m eru la r k id n ey , J .  Pharm. and E x p t. T herau .
1*9! 250-56 (1933) .
77a ,  E . R a ic e s , Magnesium in  th e  b lo o d , R ev, med. q u l r .  p a to l . 
fem in ine  12:31-1*1 (1 9 3 8 ). (Chem. A bst.  32:85335)
7 % . E . B rad ley , B iochem ical a b n o rm a litie s  d u rin g  r e n a l  in ­
s u f f ic ie n c y ,  N. Eng. J .  Med.  235 :755-61 , 791-98 ( 191*6 ) .
79S . H. S ilverm an  and L . I .  G ardner, U l t r a f i l t r a t i o n  s tu d ie s  
on serum magnesium, N. Eng. J .  Med.  250:938-1*1 ( 195I+).
®0tfalker and W alker, on- c i t .  (F o o tn o te  51)
83R . W. B ro o k f ie ld , The magnesium c o n te n t in  Berum in  r e n a l  
in s u f f ic ie n c y ,  Q u art. J .  Med.  6 : 87-92  (1937) •
r e l a t i v e l y  w ide range f o r  norm al plasm a c o n c e n tra tio n s  r e p o r te d  "by
ftp
e a r l i e r  w orkers i s  due to  a n a ly t ic a l  e r r o r .  A lb r i t to n  in  1952 
g iv e s  a mean f o r  man a s  1 .8  mEq/l w ith  th e  narrow  range o f  1 .7 - 1 .9 . )  
In trav e n o u s  a d m in is tra t io n  o f  magnesium s u l f a te  to  p a t i e n t s  w ith
c h ro n ic  n e p h r i t i s  caused in c re a se d  serum magnesium le v e l s  which
8ft 8l  78rem ained e le v a te d  f o r  d ay s . Both B ro o k fie ld  and B rad ley ' a lso
n o ted  t h a t  d u rin g  r e n a l  in s u f f ic ie n c y  th e re  i s  an in c re a se  in  b lood
81*magnesium, w ith  a d ecrease  in  b lood  ca lc iu m . D ero t and P ig n a rd  
found t h a t  th e  l e v e l  o f  magnesium in  th e  b lo o d  i s  in c re a se d  in  a cu te  
n e p h r i t i s ,  and d u rin g  improvement, th e  magnesium f a l l s  f a r  below  
norm al l e v e l s .  I n  ch ro n ic  n e p h r i t i s ,  th ey  found magnesium c o n c e n tra ­
t i o n  was norm al. T h is m ight in d ic a te  t h a t  th e  r e n a l  h o m eo sta tic  
mechanisms f o r  th e  c o n tro l  o f  plasm a magnesium became adequate  in  
th e  p resen ce  o f  e x te n s iv e  k idney  damage, o r  t h a t  i n t e s t i n a l  c o n tro l  
becomes dom inant. In  some form s o f  ch ro n ic  r e n a l  d is e a s e ,  th e  serum
magnesium l e v e l  may be low , as  in  upper and low er n e p h ro s is  d u rin g
85th e  d iu r e s i s  o f  th e  reco v ery  s t a t e .  ^
S to n e r and Green00 observed  th a t  lim b ischem ia i s  fo llo w ed  by 
an  in c re a s e  in  t o t a l  magnesium c o n te n t o f  th e  p lasm a, which th ey
®?E. C. A lb r i t to n ,  S tan d ard  V alues in  Blood (P h ila d e lp h ia :
W. B . Saunders C o ., 1952)', P* 117•
in k ie r ,  Sm ith , and B o ff, op. c i t . (F o o tn o te  62)
D ero t and P . P ig n a rd , V a r ia t io n s  o f  magnesium in  th e  b lood  
i n  n e p h r i t i s ,  B u l l , acad . n a t l .  med. 135*95-97 (1 9 5 1 ). (Chem. A b st.
1*5 : 529^ )
85H. E . M artin , J .  Mehl, and M. Wertman, C l in ic a l  s tu d ie s  o f  
magnesium m etabolism , Med.  C lin ic s  K. Am. 36:1157-71 (1 9 5 2 ).
8% . B. S to n e r and H. K. G reen, The e f f e c t  o f  lim b ischem ia on 
th e  magnesium c o n te n t o f  p lasm a, J .  P a th . B a c t. 61:111-13 ( 191*9 ) .
cou ld  n o t  a t t r i b u t e  to  sam pling o r  a n e s th e s ia ,  n o r to  d e p re ss io n ' o f  
r e n a l  fu n c tio n  p e r s e .  However, th ey  f e l t  t h a t  t h i s  m ight he a  
f a c t o r .  They used  th e se  r e s u l t s  a s  su p p o rt f o r  th e  h y p o th e s is  t h a t  
traum a i s  a s s o c ia te d  w ith  a d is tu rb a n c e  i n  th e  d i s t r i b u t i o n  o f  
magnesium v i t h i n  th e  body.
In  1952, M artin  e t  a l.® ^  review ed th e  c l i n i c a l  s tu d ie s  r e l a t i n g  
to  magnesium m etabo lism . They re p o r te d  t h a t  in  g e n e ra l ,  th e re  i s  no 
d e f i n i t e  change in  serum magnesium c o n c e n tra tio n  d u rin g  r e n a l  d is e a s e ,  
b u t  t h a t  d u rin g  d ia b e t ic  coma, magnesium c o n c e n tra t io n  i s  in c re a s e d , 
w h ile  t h a t  o f  po tassium  i s  d e c re a se d . D uring  c o n g es tiv e  h e a r t  
f a i l u r e ,  th ey  r e p o r t  t h a t  th e  b lo o d  magnesium le v e l s  f a l l  d u rin g  
d iu r e s i s  induced by m ercuhydrin  and ammonium c h lo r id e .  D uring  
v a r io u s  r e n a l  d is e a s e s  th ey  n o te d  t h a t  magnesium c le a ra n c e  was reduced  
in  a l l  o f  th e se  from  c o n tro l  l e v e l s  o f  3 .3 2  m l/m in in  man. They a ls o  
p re se n te d  ta b le s  l i s t i n g  th e  v a r io u s  c l i n i c a l  d is o rd e r s  which a re  
a s s o c ia te d  w ith  low and h ig h  serum magnesium l e v e l s ,  g iv in g  p o s s ib le  
e x p la n a to ry  mechanism s.
From th e  rev iew s o f  Cantorow and Haury®7“89 and Goodman and 
G ilm a n ^  i t  would appear t h a t  th e  b lo o d  magnesium i s  n o t c o n s is te n t ly
®7a .  Cantarow , Magnesium M etabolism , in :  G. G. Duncan ( e d i t o r ) ,  
D isea se s  o f  M etabolism  (P h ila d e lp h ia :  W. B. Saunders C o ., 1952),
p p . 285- 8 7 .
® % aury, ojd.  c l t . (F oo tno te  k8)
G. Eaury and A. Cantarow , V a r ia t io n s  in  serum magnesium in  
52 norm al and kUo p a th o lo g ic  p a t i e n t s ,  J .  Lab. C l in . Med. 27 : 616-22  
( 19^2 ) .
9°L . S . Goodman and A. Gilm an, The P h arm aco log ica l B a s is  o f  
T h e ra p e u tic s , Second E d i t io n  (New Y ork: The M acm illan C o ., 1955), 
p p . 8l l - l U .
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changed In  any d is e a s e  o r  a f f e c te d  by any o f  th e  en d o crin e  g la n d s  o r  
s e c re t io n s  so f a r  s tu d ie d , how ever. L ikew ise th ey  concluded t h a t  
th e re  i s  no c o n s is te n t  e f f e c t  on th e  r a t e  o f  magnesium e x c r e t io n  i n  
th e  u r in e  in  any d is e a s e .  The p o s s i b i l i t y  t h a t  some o f  th e  a d re n a l 
c o r t i c a l  hormones may a f f e c t  magnesium e x c re t io n  h a s  n o t  been  
e lim in a te d , how ever. G ro llm a n ^  found , f o r  in s ta n c e ,  t h a t  when 
c o r t is o n e  i s  in tra v e n o u s ly  ad m in is te red  to  nephrectom lzed  dogs, 
m a in ta in ed  on a d i e t  f r e e  o f  e l e c t r o l y t e s  and p r o te in ,  th e  serum 
calc ium  ro se  to  to x ic  l e v e l s ,  d e s p i te  a concom itan t r i s e  in  serum 
in o rg a n ic  phosphate  and magnesium. Thus w ith o u t norm al r e n a l  
fu n c t io n , th e  serum calcium  which would o th e rw ise  have been  e x c re te d  
accum ulated i n  th e  serum . A lthough th e  serum le v e l s  o f  ca lc iu m , 
p h o sp h ate , and magnesium in c re a s e d , fo llo w in g  th e  in je c t io n  o f  c o r t i ­
sone , on th e  c e s s a t io n  o f  th e ra p y , th e  calc ium  le v e l s  d e c lin e d  to  
n o rm a l. K rvav ica  and A belin^2 r e p o r t  t h a t  in  a llo x a n  d ia b e t ic  r a t s ,  
th e re  i s  an  im p o rtan t lo s s  o f  m in e ra l s a l t s  from  th e  u r in e ,  in c lu d in g  
p o tass iu m , sodium, ca lc iu m , magnesium, and e s p e c ia l ly  p h o sp h a te . T h is  
o ccu rs  even in  th e  absence o f  p o ly u r ia ,  and cou ld  n o t  be p re v e n te d  by 
a d d i t io n  o f  m in e ra l s a l t s  to  th e  b a s ic  d i e t .  T hese, th ey  con clu d ed , 
in d ic a te  a d ec rea sed  a b i l i t y  to  r e t a i n  m in e ra l su b s ta n c e s .
I f  h o m eostasis  o f  magnesium and calc ium  m etabolism  i s  to  be 
u n d e rs to o d , th e  r o le  o f  th e  g a s t r o - i n t e s t i n a l  a b so rp tio n  m ust be
91A. G rollm an, E f f e c t  o f  c o r t is o n e  on serum ca lc iu m , magnesium, 
and phosphate  l e v e l s  in  nephrectom lzed  dogs, P . S oc . Exp. B io l , and 
Med. 85:582-83 (195*0*
92S . K rvavica and I .  A b e lin , A l te r a t io n s  o f  m in e ra l m etabo lism  
in  a llo x a n  d ia b e te s ,  H elv . P h y s io l ,  e t  P harm acol. A cta  10 :512-22 
( i n  German) (1 9 5 2 ). (chem. A b stT > 7:5529b)
known. Cantarow93 re p o r te d  t h a t  th e  a b so rp tio n  o f  magnesium from
th e  I n te s t in e  resem bled  t h a t  o f  ca lc iu m , in  t h a t  i t  i s  d ec rea sed  by
h ig h  f a t ,  p h o sp h a te , ca lc iu m , and a l k a l i .  Under norm al c o n d it io n s ,
50 p e r  c e n t o f  th e  d ie ta r y  magnesium i s  e x c re te d  v ia  th e  f e c e s .  The
u r in a ry  e x c re t io n  o f  ca lc iu m , magnesium, and phosphate  was found by
McCance and W iddow son^ to  r i s e  and f a l l  w ith  i n t e s t i n a l  a b so rp tio n ,
b u t  to  a sm a lle r  e x te n t  th a n  a b so rp tio n . W asiclsy^ found t h a t  pimp in -
e l l i n  and andos t r u t h  in  ( la c to n e s  from  U m b e llife rae ) when a d m in is te red
w ith  magnesium s u l f a t e ,  le d  to  a  r e s o r p t io n  o f  th e  magnesium s u l f a te
so t h a t  w ith  s u i ta b le  d o se s , n a rc o s is  and e v e n tu a lly  d e a th  o ccu rs  and
96
o n ly  a  m ild  p u rg a tiv e  a c t io n  i s  o b se rv ed . S t r i e b e l  and V io l l i e r  
r e p o r t  t h a t  th e  amounts o f  calc ium  and magnesium absorbed  by th e  g u t 
depend on th e  pH o f  th e  sm all i n t e s t i n e ,  o th e r  food m a te r ia ls  p re s e n t ,  
and th e  p re sen ce  o f  v ita m in  X). Sunderman and B o e r n e r ^  r e p o r t  t h a t  
th e  d a i ly  u r in a ry  o u tp u t o f  magnesium i s  betw een 100 and 300 mg p e r 
day , and th a t  t h i s  re p re s e n ts  abou t 35 p e r  c e n t o f  th e  t o t a l  e x c re tio n .
^ C a n ta ro w , o p . c i t .  (F o o tn o te  87 )
9k
R . A . McCance and Ea M. Vfiddowson, U rin a ry  ca lc iu m , magnesium, 
and phosphorus, J .  P h y s io l . 101:350-5^ (1 9 ^ 2 ) .
9 % . W asicky, A c tio n  o f  furocoum arin  and r e l a t e d  compounds 
o c c u rr in g  in  th e  d i f f e r e n t  U m b e llife ra e , Pharm. Monat eh . 17:165  
(1 9 3 6 ) . (Chem. A bst. 31:^534 )
9 6 a , S t r i e b e l  and G. V i o l l i e r ,  U rin a ry  e x c re t io n  o f  calc ium  and 
magnesium under v a r io u s  p h y s io lo g ic a l  and p a th o lo g ic a l  c o n d i t io n s , 
H elv . P h y s io l , e t  Pharm acol. A cta  5JC^9~52 ( i n  German) ( 19^7 ) .
^ F .  W. Sunderman and F .  B o ern er, Normal V alues in  C l in ic a l  
M edicine (P h ila d e lp h ia :  Saunders C o ., 19^9V«
However, i t  shou ld  "be n o ted  th a t  an undeterm ined  amount o f  th e  d ie ta r y  
calcium  and magnesium in  th e  fe c e s  may n o t have "been absorbed  in to  th e
body due to  th e  fo rm atio n  o f  in s o lu b le  compounds.
oftT ib b e t ts  and AvV re p o r te d  t h a t  th e s e  d iv a le n t  c a t io n s  a c t  in  
th e  n e u t r a l i z a t io n  o f  m e tab o lic  a c id o s is  produced by ammonium 
c h lo r id e .  They a lso  re p o r te d  t h a t  magnesium l a c t a t e ,  when in g e s te d , 
caused  an in c re a s e  in  th e  u r in a ry  e x c re t io n  which cou ld  be checked by 
la r g e  in ta k e s  o f  sodium a c id  p h o sp h a te . The in g e s t io n  o f  th e  magnesium 
l a c t a t e  a c c e n tu a te s  th e  e f f e c t s  o f  ammonium c h lo r id e  in  e le v a t in g  th e  
u r in a ry  calc ium  e x c r e t io n .  B a r  d o  found t h a t  ammonium c h lo r id e  and 
sodium b ic a rb o n a te  s ig n i f i c a n t ly  d im in ish ed  th e  amount o f  phosphorus 
e x c re te d  in  th e  fe c e s  and th a t  sodium b ic a rb o n a te  d ec rea sed  th e  
e x c r e t io n  o f  calc ium  and magnesium. He n o ted  s im u ltan eo u s ly  t h a t  
th e  s p e c i f ic  g ra v i ty  o f  th e  u r in e  was d ec rea sed  and a  pronounced 
d iu r e s i s  o c c u rre d . R enal symptoms were n o ted  when in c re a se d  amounts 
o f  th e  s a l t s  were a d m in is te re d . Hegedus^®0 a lso  found t h a t  r e g u la r ly  
in c re a s in g  doses o f  sodium b ic a rb o n a te  when g iv en  to  r a b b i t s  in  
ex p e rim en ta l c y c le s  o f  s ix  days caused  th e  amount o f  ca lc iu m , 
magnesium, and phosphorus e x c re te d  in  th e  fe c e s  to  d im in ish , and
T i b b e t t s  and Aub, 0£ .  c i t .  (F o o tn o te  71)
Bar do s ,  E f fe c t  o f  ammonium c h lo r id e  and sodium b ic a rb o n a te  
on th e  ca lc iu m , magnesium, and phosphorus m etabolism  o f  r a b b i t s  
r e c e iv in g  norm al amounts o f  calc ium  and phosphorus, Kozlemenyek 
Osszehason l i t o  E le t-K o r ta n  K preb o l. 29:189-90 ( l9 ^ l)T  (chem. A b s t. 
35:5165 )^
-*-00S . Hegedus, E f f e c t  o f  sodium b ic a rb o n a te  on th e  ca lc iu m , 
magnesium, and phosphorus m etabolism  o f  r a b b i t s  k e p t on d i e t s  poor 
i n  lim e , Kozlemenyek O ssz eh a so n lite  E le t-K b r ta n  K b reb o l.2 9 :190-91 
(1 9 ^ 1 ) . (Chem. A b s t. 3 5 : 5 1 6 ^
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t h a t  e x c re te d  in  th e  u r in e  to  in c r e a s e .  S t r i e b e l  and V i o l l i e r -1-01 
d is c u s s  th e  r o le  o f  a c id o s is  and a c id -b a s e  b a lan ce  In  th e  r e l a t i v e  
r a te s  o f  e x c r e t io n  o f  magnesium and c a lc iu m . T h is  r o le  o f  th e  d iv a le n t  
c a t io n s  in  a c id -b a se  b a lan cd  ap p ea rs  to  have been  somewhat n e g le c te d  
in  r e c e n t  y e a rs  a s  concerns th e  r e n a l  r o l e  in  t h i s  im p o rtan t p ro c e s s .
There ap p ears  to  be no s ig n i f i c a n t  lo s s  o f  magnesium by e x c r e t io n
102i n  th e  p e r s p i r a t io n . M itc h e l l  e t  a l .  found th a t  sweat c o n ta in s  
betw een 0 .1  and 0 .2  mg p e r 100 ml o f  magnesium and betw een 2 and 7 mg 
p e r  100 ml o f  ca lc iu m . D uring  p ro fu se  sw ea tin g , th e  calc ium  concen­
t r a t i o n  d e c re a se d . They r e p o r t  t h a t  under m inim al sw ea tin g , th e  derm al 
lo s s e s  were c a lc u la te d  as  c o n s t i tu t in g  29*9 p e r  c e n t o f  th e  t o t a l  
calc ium  e x c r e t io n .  T hus, t h i s  i s  an  im p o rtan t s i t e  o f  calc ium  
e x c r e t io n .
D e f ic ie n c ie s  o f  magnesium have a m arked e f f e c t  on th e  s t r u c tu r e
taIi
and fu n c tio n  o f  th e  k id n e y . G reenberg  e t  a l .  re p o r te d  t h a t  th e  
p ro longed  d e p r iv a tio n  o f  magnesium p roduces p a th o lo g ic a l  d e g e n e ra tio n  
o f  th e  k idneys w hich , in  c e r t a in  c a s e s ,  th ey  found s im ila r  to  t h a t  in  
n e p h ro s is .  I t  m igh t appear t h a t  th e  w a te r  re a b so rb in g  powers o f  th e  
k idney  were d e c re a se d , f o r  th ey  found  an in c re a s e  in  tfolume o f  u r in e .
■ ^ ^ S tr ie b e l and V i o l l i e r ,  op . c i t . (F o o tn o te  $6)
102H. H. M itc h e ll  and T . S . H am ilton , Dermal e x c re t io n  under 
c o n tro l le d  en v iro n m en ta l c o n d itio n s  o f  n i t r o g e n  and m in e ra ls  in  
human s u b je c ts ,  w ith  p a r t i c u l a r  r e f e re n c e  to  calc ium  and i r o n ,  J .
B io l . Chem. 178:3^5-61  (1 9 ^ 9 ) .
■ ^ e .  C . A lb r i t to n  ( e d i t o r ) ,  S ta n d a rd  V alues in  N u tr i t io n  and 
M etabolism  (P h ila d e lp h ia :  W. B. S aunders C o ., 195^77 P» 21V.
lOltp. M. G reenberg , S . P . L u c ia , and E . V. T u f ts ,  The e f f e c t  o f  
magnesium d e p r iv a t io n  on r e n a l  f u n c t io n ,  Am. J .  P h y s io l . 121:h2l+-30
(1 9 3 8 ).
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An e x c r e t io n  o f  p r o te in  was a ls o  n o te d . Lowenhaupt, Schulman, and 
G reenberg’*"0'* f u r th e r  r e p o r t  t h a t  a f t e r  two weeks o f  magnesium 
d e f ic ie n c y , a cu te  g e n e ra liz e d  in fla ia n a to ry  le s io n s  o ccu rred  w hich 
in v o lv ed  lo o se  mesenchymal t i s s u e s  in  th e  p e r iv a s c u la r  r e g io n s .
They found o b s tru c t iv e  c a s ts  in  th e  r e n a l  tu b u le s  under th e se  
c o n d it io n s .
D e f ic ie n c ie s  o f  magnesium were a ls o  found to  produce m e ta s ta t ic
106
c a l c i f i c a t i o n  in  th e  k idneys o f  r a t s  by D ick and P r i o r .  A
n e p h ro s is  and f i b r o s i s  o f  th e  k idney  b u t  no c a l c i f i c a t i o n  were
107observed  on d i e t s  low in  magnesium by B arro n . 1 
T oftHammarsten found th a t  th e  calc ium  c o n c e n tra tio n  o f  th e  u r in e
was h ig h  on d i e t s  which w ere d e f i c i e n t  in  magnesium b u t adequate  in
calc ium  and v ita m in s .
The problem  o f  calc ium  m etabolism  was co n sid e red  a t  le n g th
109d u rin g  th e  f i f t h  Macy C onference on M etabo lic  I n t e r r e l a t i o n s .
105
E . Lowenhaupt, M. P . Schulman, and D. M. G reenberg , B asic  
h i s to lo g ic a l  le s io n s  o f  magnesium d e f ic ie n c y  in  th e  r a t ,  A rch . P a th . 
1*9 :^ 27-33  (1 9 5 0 ).
106H. J .  D ick and J .  T . P r io r ,  E x p erim en ta l a cu te  m e ta s ta t ic  
c a l c i f i c a t i o n  in  th e  k idney  o f  r a t s ,  Am. J .  C l in . P a th . 21:1*09-22 
(1 9 5 1 ).
107G. P . B arro n , S , 0 .  Brown, and P . B. P ea rso n , H is to lo g ic a l  
m a n ife s ta t io n s  o f  magnesium d e f ic ie n c y  in  r a t  and r a b b i t ,  P ro c . Soo. 
E x p t l . B io l . Med.  70:220-23 (1 9 ^ 9 ) .
108
G. H am narsten, E x p erim en ta l c a lc u lu s  o f  th e  u r in a ry  t r a c t ,  K. 
f y s io g r . S a l l s k . Lund F o rh . 6 : 165-92  ( 1936) .  (Chem. A b s t.  32:589837""
l 0?E . C. R e i f e n s te in ,  J r .  ( e d i t o r ) ,  M etabo lic  I n t e r r e l a t i o n s  
w ith  S p e c ia l  R eference  to  C alcium , T ra n sa c tio n s  o f  th e  F i f t h  J o s ia h  
Macy, J r . ,  C onference , Jan u a ry  5 -6 , 1953 (New York: J o e ia h  Macy, J r . ,  
F o u n d a tio n , 195*0 > 386 p p .
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I n  a  p ap er on th e  norm al c a lc  ium-pho sphorus t r a n s p o r t  and "body f l u i d  
h o m e o sta s is , Howard”^ 0 r e p o r ts  t h a t  th e  hone app ears  to  he a  source 
o f  calc ium  a v a i la b le  f o r  s t a b i l i z a t i o n  o f  b lo o d  l e v e l s .  He concluded 
t h a t  th e  a c t io n  o f  a p a ra th y ro id  hormone was such th a t  in  hypo­
th y ro id ism , th e  l e v e l s  to  which calcium  had to  f a l l  b e fo re  th e  s k e l e t a l  
system  began to  re n d e r  su p p o rt was low ered . S u b d iv id in g  th e  f a c to r s  
which a f f e c t  calc ium  b a la n c e , th e  r o le  o f  th e  g a s t r o - i n t e s t i n a l  t r a c t  
in  ho m eo stas is  was a f f e c te d  by: h ig h  p r o te in  d i e t s  o r  a c i d i f i c a t i o n  o f  
th e  upper t r a c t  which le d  to  in c re a se d  calc ium  a b so rp tio n ; ex cess  o f  
d ie ta r y  phosphate o r  o x a la te  which appeared  to  d e c rea se  th e  calc ium  
a b so rp tio n ; and v itam in  D, w hich appeared  to  be n e ce ssa ry  f o r  calc ium  
a b s o rp tio n . As to  th e  k id n ey , how ever, he r e p o r te d  t h a t  about 99 p e r 
c e n t o f  th e  calc ium  which was f i l t e r e d  i s  re a b so rb e d . He co n sid e red  
th a t  70-73  p e r  c e n t o f  th e  serum calcium  i s  d i f f u s ib l e  and th u s  
f i l t e r a b l e .  The e x c re t io n  o f  ca lc iu m , how ever, app ears  n o t to  be 
g r e a t ly  a f f e c te d  by calc ium  l e v e l s ,  i n  t h a t  sev e re  hypocalcem ia, 
r e s u l t i n g  in  16 to  18 mg p e r  c e n t calc ium  l e v e l s ,  on ly  r a r e ly  i s  
more th a n  1 gm o f  calc ium  e x c re te d  p e r 2h h o u rs , a lth o u g h  a t  th e se  
h ig h  l e v e l s  10 e x tr a  grams were p re se n te d  to  th e  tu b u le s .  Because 
in  o th e r  work he had found th a t  th e  p a ra th y ro id  hormone a f t e r  s u r g ic a l  
para th y ro id ecto m y  caused  l i t t l e  change in  th e  serum o r u r in a ry  
calcium  b u t  a much la r g e r  e f f e c t  on phosphate  e x c re t io n , he f e e l s  
t h a t  serum phosphate  p e r se m ight be th e  ag en t a f f e c t in g  th e  r a t e  o f
E . Howard, Normal calc ium  and phosphorus t r a n s p o r t  nnri 
body f l u i d  h o m eo sta s is , p p . 11-^2  in :  R e i f e n s te in ,  op . c i t .  (F oo tno te  
1 0 9 ).
u r in a ry  calc ium  e x c r e t io n .  He concludes t h a t  th e  k idney  app ears  to  
"be r e l a t i v e l y  im po ten t o r  i n d i f f e r e n t  to  g ro ss  e le v a t io n  o f  calc ium  
in  th e  "body f l u i d s ,  and app ears  to  p la y  "but a  m inor r o le  in  th e  
n o r n r l  constancy  o f  serum calc ium  c o n c e n tra t io n . In  c o n t r a s t  to  th e  
e f f e c t s  o f  in trav e n o u s  a d m in is tra t io n  o f  ca lc iu m , in tra v e n o u s ly  
a d m in is te red  n e u t r a l  phosphate  a t  th e  r a t e  o f  1 to  7 grams f o r  fo u r  
h o u rs  in  norm al peop le  le d  to  a reco v ery  in  th e  u r in e  o f  68 to  100 
p e r  c e n t o f  th e  phosphate  in  2b h o u rs . He r e p o r ts  t h a t  when calcium  
i s  g iv en  to  p a t i e n t s  w ith  sp ru e , serum phosphorus i s  d ec rea sed  to  
ahou t 1 mg p e r c e n t and f o r  days o r  weeks, . so l i t t l e  phosphorus 
i s  in  th e  u r in e  a s  to  he  a lm ost u n d e te c ta b le .  He th u s  concludes 
t h a t  th e  k idneys a re  prom inent in  d e te rm in in g  th e  l e v e l  o f  serum 
phosphorus. The p a ra th y ro id  hormone e f f e c t  on th e  r e n a l  c o n tro l  o f  
calc ium  ho m eo stas is  he b e lie v e d  was u n s e t t l e d ,  b u t th e  ev idence  
appeared  overwhelming th a t  th e  p a ra th y ro id  hormone e x e r ts  a c o n tro l  
over r e n a l  phosphorus e x c r e t io n .  In  norm al p e rso n s , I t  h as  been  
found th a t  a  s in g le  p a ra th y ro id  dose cau ses  on ly  m inor in c re a s e s  in  
u r in a ry  phosphorus e x c r e t io n ,  perhaps because o f  a maximum resp o n se  
to  th e  p a ra th y ro id  hormone, o r  because  th e  p a t i e n t 's  own g lan d s th e n  
cease  to  fu n c t io n .  However, a  s im ila r  doee o f  p a ra th y ro id  hormone to  
p a t ie n t s  w ith  h y p o p ara th y ro id  a c t i v i t y  b u t w ith  norm al k idneys le d  
to  an  immediate huge phosphorus d i u r e s i s .  Howard b e l ie v e s ,  how ever, 
th a t  th e  k idney  i s  n o t a lone  in  s e t t i n g  th e  serum phosphorus l e v e l s .  
He g iv e s  th e  im p ressio n  th a t  th e  phosphate  m etabolism  i s  c o n tro l le d  
u l t im a te ly  a t  th e  c e l l u l a r  l e v e l ,  which s e t s  th e  serum phosphate 
c o n c e n tra t io n s , p robab ly  by an e q u ilib r iu m  betw een th e  o rg an ic  and
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I n t r a c e l l u l a r  p h o sp h ate , w ith  th e  l a t t e r  d e te rm in in g  th e  e x t r a c e l lu l a r
phosphorus c o n c e n tra t io n s .
i n
Neuman and Chen p re se n te d  d a ta  on th e  r e n a l  c le a ra n c e s  o f  
calc ium  in  th e  norm al dog. U sing  th re e  u n a n e s th e tiz e d  fem ale dogs, 
th ey  found an  average calc ium  c le a ra n c e  o f  .37  cc p e r  m in u te , w ith  a  
range betw een .1^  and .6 1 . By u s in g  a V isk in g  ce llo p h an e  membrane and 
a c e n tr i fu g e  to  o b ta in  f i l t r a t i o n  p re s su re  a f t e r  e q u i l ib r a t in g  th e  
plasm a w ith  95  p e r  c e n t oxygen and 5 p e r  c e n t carbon  d io x id e , th ey  
found th a t  w hereas th e  average t o t a l  serum c o n c e n tra tio n  was 11 . 9 , 
th e  u l t r a f i l t e r a b l e  calc ium  c o n c e n tra tio n  was on ly  5 *8 , g iv in g  a 
f i l t e r a b i l i t y  f r a c t i o n  o f  about 0 .U9 . They found th a t  99*2 p e r  c e n t 
o f  th e  f i l t e r e d  calc ium  was re a b so rb e d . A heavy lo a d  o f  d io d ra s t  
(140 cc o f  35 p e r  c e n t)  caused  a  d e c rea se  in  g lo m eru la r f i l t r a t i o n  
r a t e  and an in c re a s e  in  calc ium  e x c r e t io n .  U sing 50 cc o f  10 p e r  
c e n t PAH a s  a  prim e and th e n  in fu s in g  a t 2 ml p e r  m in u te , th e  calc ium  
e x c re t io n  was in c re a se d  m arked ly . On in trav e n o u s  a d m in is t r a t io n  o f  
ca lc iu m , 80 p e r  c e n t o f  a  60 to  70 mg dose o f  calc ium  was a p p a re n tly  
ta k e n  up in  th e  bone . I t  was n o t  found in  th e  b lo o d  o r  u r in e .  A f te r  
a d m in is t r a t io n , th e re  was a  2 to  3 hour d e lay  u n t i l  th e  maximal r a t e  
o f  e x c re t io n  o c c u rre d , w ith  a s l i g h t ly  s h o r te r  tim e re q u ire d  i f  a 
minimum amount o f  w a te r was g iv en  a t  th e  same tim e . On in fu s io n  o f  
p h o sp h ate , th ey  found th a t  th e  t o t a l  calc ium  in  th e  b lo o d  was 
d ec rea sed  m arkedly (ab o u t 1 / 3 ) w ith  a p ro p o r t io n a l  f a l l  i n  th e  
u l t r a f i l t e r a b l e  f r a c t i o n ,  w h ile  th e  serum phosphate  in c re a se d  about
H ^W. P . Neuman and P . S . Chen, J r . ,  The r e n a l  c le a ra n c e  o f  
calc ium  in  norm al do g s, p p . 130*46 in :  R e i f e n s te in ,  o p . c i t .  (F o o tn o te  
1 0 9 ).
te n  tim es  to  abou t 25 Mg p e r  c e n t .  Under th e se  c o n d i t io n s , th e  calc ium
and p h o s p h a t e  c l e a r a n c e s  w e r e  i n c r e a s e d  m o r e  t h a n  t e n  t i m e B ,  a l t h o u g h
th e  u r in e  flo w  was a t  f i r s t  s l i g h t l y  d e c re a se d , th e n  norm al, and th e n
s l i g h t l y  above norm al. The g lo m eru la r f i l t r a t i o n  r a t e  was s l i g h t l y
in c re a s e d . They b e lie v e d  t h a t  t h i s  in c re a se d  c le a ra n c e  was due to  a
s o lu b le ,  h ig h ly  a s s o c ia te d  calc ium  phosphate  com plex. In  a d m in is te r in g
ca le iu m -V e rse n a te , th ey  found th a t  o n ly  abou t 30 p e r  c e n t  o f  th e
f i l t e r e d  calc ium  was th en  re a b so rb e d , f o r  a p p a re n tly  th e  r e n a l  tu b u le s
w ere un ab le  to  rea b so rb  th e  m e ta l-c h e la te  com plex. They concluded
t h a t  th e  c le a ra n c e  o f  calc ium  i s  d e term ined  by th e  a b i l i t y  o f  th e
tu b u le s  to  fu n c t io n  n o rm a lly , and by th e  io n ic  c o n c e n tra t io n  o f  calc ium
i n  th e  b lo o d  and f l u i d s  in. th e  tu b u le s .  
n p
R ubin  e t  a l . s tu d ie d  th e  dynam ics o f  calc ium  m etabo lism .
U sing  r a d io a c t iv e  calc ium  in. r a b b i t s ,  th e y  s tu d ie d  th e  r a t e  o f  decay 
o f  in je c te d  calc ium  in  th e  b lood  serum , and by s e p a ra t in g  th e se  
e x c r e t io n  cu rv es  in to  v a r io u s  com ponents, were a b le  to  a t t r i b u t e  th e  
f i r s t  term  o f  a  fo u r- te rm  e x p o n e n tia l decay curve to  v a s c u la r  m ix ing , 
p o s s ib ly  a b so rp tio n  o f  s o f t  t i s s u e s ,  and a second term  perh ap s to  
s o f t  t i s s u e s  and g u t .  The t h i r d  term  th ey  f e l t  m igh t be a r a t e  
c o n s ta n t f o r  th e  up take  o f  bone, a lth o u g h  th ey  f e l t  t h a t  th ey  had 
o n ly  p resum ptive  ev idence tow ard t h i s ,  w h ile  a fo u r th  term  had 
c o n s ta n ts  s im i la r  to  th o se  a s s o c ia te d  w ith  u r in a ry  and f e c a l  e x c r e t io n  
r a t e s .
■^M . R ubin , R . D. Thomas, T . A . L i to v i t z ,  and C . P .  G e sc h ic k te r , 
Dynamics o f  calc ium  m etabo lism , p p . 53“71 In : R e i f e n s te in ,  op .  c i t .  
(F o o tn o te  109)•
- uo -
R u b i n ^  aiBo p re s e n te d  a s tudy  o f  th e  r o le  o f  c h e la t in g  ag en ts  
in  th e  s tu d y  o f  calc ium  m etabo lism . He found th a t  when V ersene was 
g iv e n  r a p id ly  i t  le d  to  a d ec rea se  i n  th e  o x a la te  p re c - ip ita b le  ca lc ium , 
b u t  th e  t o t a l  b lo o d  calcium  c o n c e n tra tio n  rem ained c o n s ta n t .  A 
d e c rea se  in  serum phosphorus was n o ted  w ith  th e  d ec rea se  i n  o x a la te  
p r e c ip i ta b le  ca lc iu m . By in fu s io n  o f  V ersene in to  a p a t i e n t  w ith  
h y p e rca lcem ia , he found t h a t  th e  calcium  was re p la c e d  in  th e  serum a t  
th e  r a t e  o f  abou t 50 mg o f  calc ium  p e r  m in u te , which would be 
e q u iv a le n t  in  th e  dog to  one l i t e r  o f  b lood  p e r  m in u te , th u s  showing 
th e  f u t i l i t y  o f  a tte m p tin g  to  use  b lo o d  t r a n s fu s io n s  from which 
calcium  had been  removed in  o rd e r to  low er th e  serum calcium  l e v e l s .
He rev iew ed  th e  work o f  Friedm an a t  Georgetown U n iv e rs ity  i n  1952 
co n ce rn in g  th e  s ig n if ic a n c e  o f  th e  m agnesium -calcium  r a t i o  and 
d e s c r ib in g  a new method f o r  th e  d e te rm in a tio n  o f  magnesium and 
ca lc ium  in  b io lo g ic a l  f l u i d s .  A la rg e  number o f  p a t ie n t s  w ith  
v a rio u s ; d iag n o ses  w ere l i s t e d  w ith  th e  magnesium and calc ium  concen­
t r a t i o n s  in  th e  s e ra  g iv en  f o r  e ac h . A lthough t h i s  l i s t  o f  
magnesium to  calcium  r a t i o s ,  c i t e d  by R ubin , i s  e x te n s iv e , i t  i s  
d i f f i c u l t  to  c o r r e la te  any d is e a s e  s t a t e  w ith  e i t h e r  th e  a b so lu te  
l e v e l s  o f  magnesium o r calc ium  o r  t h e i r  r a t i o .
W olf and B e ll^ 1^ found th a t  calc ium  e x c re t io n  in c re a se d  as 
calc ium  in ta k e  o r  calc ium  lo a d  was in c re a s e d . There was no s ig n i f i c a n t  
e f f e c t  due to  th e  an io n  accompanying th e  calcium  (g lu c o n a te  o r  c h lo r f l^ i
• ^ m.  R ubin , C h e la tin g  a g en ts  in  th e  s tudy  o f  calcium  m etabolism , 
pp« 355“67 in :  R e i f e n s te in ,  o £ . c i t . (F o o tn o te  1 0 9 ).
V . W olf and S . M. B a l l ,  E f f e c t  o f  in trav en o u s  calcium  s a l t s  
on r e n a l  e x c r e t io n  i n  the . dog , Am. J .  P h y s io l . 158:205-17 ( I 9U9 ) .
They found t h a t  magnesium e x c re t io n  app ears  to  "be in c re a se d  as  th e  
lo a d  o f  calc ium  i s  in c re a s e d , h u t  was d e c re rse d  a s  th e  lo a d  o f  w a ter 
was in c re a s e d . When w ater a lone  was r a p id ly  g iv en  in  u n a n e s th e tiz e d  
doge, magnesium o u tp u t was d e c re a se d . When calcium  i s  g iv en  w ith  
l i t t l e  w a te r , th e  magnesium o u tp u t i s  in c re a s e d . These f a c to r s  
oppose each o th e r  so t h a t  when b o th  calc ium  and w a te r a re  g iv en  
to g e th e r ,  no s ig n i f i c a n t  change o ccu rs  in  magnesium e x c r e t io n .
F u r th e r ,  th ey  found th a t  sodium e x c re t io n  was s p e c i f i c a l ly  in c re a se d  
by th e  h ig h  calcium  in ta k e ,  b u t  was d ec rea sed  by in fu s io n s  c o n ta in in g  
no ca lc iu m . However, po tassium  e x c re t io n  was n o t s p e c i f i c a l ly  
d e c rea se d  by ca lc iu m , b u t  i t  d id  f a l l  s ig n i f i c a n t ly  d u rin g  in fu s io n  
o f  s o lu t io n s  c o n ta in in g  medium o r  zero  ca lc iu m . The phosphate  o u tp u t 
was d ec rea sed  s ig n i f i c a n t ly  by b o th  in c re a se d  w a te r and in c re a se d  
calcium  in ta k e s .  These e f f e c t s ,  how ever, were n o t s y n e r g is t i c .
Thus i t  was found by th e se  w orkers t h a t  In c re a se d  calcium  lo ad  
caused  an in c re a se d  e x c re t io n  o f  ca lc iu m , magnesium, and sodium, 
w ith  b u t  l i t t l e  e f f e c t  on po tassium  and a  d ecreased  e x c re t io n  o f  
p h o sp h a te . W olf and B a l l  found no e f f e c t iv e  th re s h o ld  o f  r e t e n t io n  
f o r  ca lc iu m . The maximum calcium  U /p c o n c e n tra tio n  found was U.9 9 , 
and th e  maximum u r in a ry  c o n c e n tra tio n  observed  was 75 .7  m E q/l. No 
d iu r e t i c  e f f e c t s ,  how ever, were o b serv ed , and l i t t l e  e f f e c t  on th e  
a lk a l in e  re s e rv e  was found . Because th ey  found no e f f e c t iv e  th re s h o ld  
o f  r e t e n t io n  f o r  ca lc iu m , th ey  f e l t  t h a t  th e  plasm a c o n c e n tra tio n  o f  
th iB  io n  were n o t re g u la te d  e x te n s iv e ly  by r e n a l  fu n c t io n .
-  1+2 -
D e n t^ ^  In  1953 knew o f  no sy s te m a tic  work on th e  p h y ilo lo g y  o f  
calc ium  e x c r e t io n  by th e  kidney* T h is , he f e l t ,  was due to  th e  
d i f f i c u l t i e s  i n  d e te rm in in g  io n iz e d  and d i f f d s ib l e  n o n -io n ize d  
calc ium  le v e l s  in  p lasm a. From a c l i n i c a l  v ie w p o in t, he d is c u s se d  
th e  e f f e c t s  o f  v ita m in  D on in c re a se d  i n t e s t i n a l  a b so rp tio n  and 
subsequen t in c re a se d  u r in a ry  e x c re t io n  o f  ca lc iu m . A p p aren tly  because  
o f  th e  supply  o f  calc ium  in  th e  bone, th e  plasm a l e v e l s  a re  d i f f i c u l t  
to  m odify by ex p e rim en ta l p ro c e d u re s . He and h i s  co-w orkers were n o t 
a b le  to  o b ta in  th e  phosphate  d iu r e s i s  o b ta in e d  by e a r l i e r  w orkers 
a f t e r  in je c t io n  o f  p a ra th y ro id  hormone. He a t t r i b u t e s  t h i s  to :
( 1 ) th e  hormone p re p a ra t io n  and th e  p o s s i b i l i t y  o f  two f a c to r s :  one 
a f f e c t in g  ca lc iu m , th e  o th e r  phosphate  m etabolism ; and (2 ) th e  
problem s o f  d iu r n a l  v a t i a t i o n  in  phosphate  e x c re t io n , an im p o rtan t 
f a c to r  in  r e n a l  fu n c tio n  s tu d ie s .
The l i t e r a t u r e  on th e  r e n a l  c o n tro l  o f  calc ium  was n o t e x te n ­
s iv e ly  rev iew ed . Because calc ium  i s  p re s e n t  in  g r e a te r  q u a n t i t i e s  
and b e t t e r  a n a ly t i c a l  te ch n iq u es  have been  a v a i la b le  f o r  i t  in  
r e l a t i o n  to  magnesium, th e  l i t e r a t u r e  would undoubted ly  be more 
e x te n s iv e  th a n  th a t  o f  magnesium.
- ^ c .  e .  D en t, Seme a sp e c ts  o f  calc ium  and phosphorus e x c r e t io n ,  
p p . 2U2 - 5U in :  Lewis and WolBtenholme, o p . c l t . (F o o tn o te  1 5 ) .
-  h3 -
F i l t e r a b l l l t v  o f  Magnesium and Calcium
One o f  th e  f i r s t  problem s which m ust he so lv ed  In  th e  s tu d y  o f  
th e  r e n a l  h a n d lin g  o f  magnesium and calc ium  I s  to  d e term ine  th e  
f r a c t i o n  o f  th e  calcium  and magnesium in  th e  b lood  w hich i s  a v a i la b le  
f o r  f i l t r a t i o n  In to  th e  r e n a l  tu b u le s .  I t  i s  b u t  a m inor problem  to  
remove th e  re d  b lood  c e l l s ,  b u t to  f in d  th e  c o n c e n tra tio n  o f  f i l t e r a b l e  
magnesium and calc ium  In  th e  r e s u l t i n g  plasm a p re s e n ts  a  m ajor 
problem .
A d i r e c t  approach to  th e  problem  m ight be to  u se  a b io -a s sa y
116,117
such a s  t h a t  o f  McLean and E a s tin g s  f o r  th e  calc ium  io n
c o n c e n tra tio n  o r  a  dye which would be s e n s i t iv e  on ly  to  th e  magnesium
■ Q g
and calc ium  io n s  and n o t to  bound c a t io n s .  Nordbo used  t r o p e o l in
a s  such a  dye . The amount o f  calc ium  and magnesium bound by a
c a t io n  exchanger and e q u i l ib r a te d  a g a in s t  m ilk  h a s  been  su g g ested  a s
an  a n a ly t i c a l  to o l  f o r  th e  d e te rm in a tio n  o f  io n iz e d  calc ium  and
n o
magnesium in  m ilk . ^ An e q u ilib r iu m  w ith  th e  d is e o c ia te d  p r o te in  
and c a tio n s  o ccu rs  and so , i f  a  dye had to o  g r e a t  an a f f i n i t y  f o r  th e
3-l6F . C. McLean and A. B. H a s tin g s , A b io lo g ic a l  method f o r  th e  
e s t im a tio n  o f  calc ium  io n  c o n c e n tra t io n , J .  B io l . Chem. 107 : 337-50  
(193*0.
117F . C. McLean and A. B. H a s tin g s , The s t a t e  o f  calc ium  in  th e  
f l u i d s  o f  th e  body. I .  The c o n d itio n s  a f f e c t in g  th e  io n iz a t io n  o f  
c a lc iu m , J .  B io l . Chem. 108:285-322 (1 9 3 5 ).
118R . Nordbo, D e te rm in a tio n  o f  th e  m agnesium -ion c o n c e n tra t io n  in  
b lood-serum  u l t r a f i l t r a t e ,  Skand. A rch.  P h y s io l . 81:265-68 (1 9 3 9 ).
(Chem. A b s t. 3 3 :^ 2 3 9 )
■ ^ G . C h r is t ia n s o n , R . J e n n e s s , and S . T . C o u lte r , D e te rm in a tio n  
o f  io n iz e d  calcium  and magnesium in  m ilk , A n a l. Chem. 2 6 : 1923-27  ( I 95U ).
- l o ­
c a t io n s  , th e  c a t io n  c o n c e n tra t io n  would "be red u ced , and th e reb y  cause 
a d i s s o c ia t io n  o f  th e  p r o te in - c a t io n  com plex. A nother f a c to r  i s  t h a t  
no rm ally  a  sm all f r a c t i o n  o f  th e  d iv a le n t  c a t io n s  a re  i n  a  hound, 
n o n -io n iz e d  form w hich i s  n e v e r th e le s s  f i l t e r a b l e ,  a s ,  f o r  in s ta n c e ,  
s o lu b le  calc ium  phosphate  com plexes.
I d e a l ly ,  how ever, th e  f i l t e r a b l e  magnesium and calc ium  shou ld  
be d e term ined  by u s in g  a  system  which approx im ates t h a t  o f  th e  r e n a l  
g lo m e ru li .  Because o f  th e  h ig h  su rfa c e  a re a  and thirm esB  o f  th e  
g lo m eru la r membranes and th e  sm all q u a n ti ty  o f  serum and plasm a which 
i s  u s u a l ly  a v a i la b le  f o r  e x p e r im e n ta tio n , such an e x a c t model i s  
Im p r a c t ic a l .  I n s te a d ,  f i l t e r s  o f  sm a lle r  a re a  u s in g  h ig h e r  d r iv in g  
p re s s u re s  have been  u s e d . C ellophane i s  one o f  th e  m ost w id e ly  used  
membrane .
The f i l t e r i n g  te ch n iq u e  m ust f u l f i l l  th e  fo llo w in g  c r i t e r i a :
( l )  i t  m ust n o t p a ss  a d e te c ta b le  amount o f  p ro te in  o r  o th e r  su b s tan ces  
which a re  n o t f i l t e r e d  by th e  r e n a l  g lom eru lus, and y e t  i t  m ust p a ss  
la r g e  m o lecu les  such a s  i n u l in ,  which i s  f i l t e r e d ;  (2 ) i t s  membrane 
c h a r a c t e r i s t i c s ,  i . e . ,  c h a rg e , pore  c h a r a c t e r i s t i c s ,  m ust be e im ila r  
to  th o se  o f  th e  membrane o r g iv e  r e s u l t s  which a re  no d i f f e r e n t ;  and 
( 3 ) th e  c o n d itio n s  o f  th e  f i l t r a t i o n  muet be s im ila r  to  th o se  w hich 
o ccu r in  th e  k id n ey , i .  e . ,  te m p e ra tu re , g a se s , pH, p re s s u re ,  o r  
l ik e w is e  g iv e  r e s u l t s  w hich a re  n o t d i f f e r e n t .  T ubular p u n c tu re  
s tu d ie s  J u s t  d i s t a l  to  th e  g lo m eru li w i l l  be n e ce ssa ry  f o r  f i n a l  
c o n firm a tio n  o f  th e  i n  v i t r o  u l t r a f i l t r a t i o n  s tu d ie s .
The hydrogen io n  c o n c e n tra t io n , p a r t i c u l a r l y ,  and p o s s ib ly  th e  
te m p e ra tu re , shou ld  be s im ila r  to  t h a t  which occu rs  in  th e  k id n ey .
-  1*5 -
120Because o f  th e  -h. . .. p o s s i b i l i t y  o f  d i f f u s io n  v e rsu s  f i l t r a t i o n ,  
a s  low a  f i l t r a t i o n  p re s su re  a s  i s  c o n s is te n t  w ith  r a t e s  o f  f i l t r a t i o n  
which a re  n o t compounded t y  " b a c te r ia l co n tam in atio n  o r  chem ical changes 
i s  d e s i r a b le .
Hopkins e t  a l .  i n  1952 re p o r te d  an  e x te n s iv e  s e r ie s  o f  s tu d ie s  
on th e  f a c to r s  in v o lv ed  in  th e  d e te rm in a tio n  o f  th e  u l t r a f i l t e r a b i l i t y  
o f  calc ium  and phosphorus in  human serum. They used  a ce llo p h an e  
membrane and p re s su re  in  an a p p a ra tu s  s im ila r  to  t h a t  d e sc r ib e d  by 
L a v i e t e s - ^  and found th a t  a t  p re s s u re s  s im ila r  to  th o se  in  th e  
k id n ey , on ly  an  i n s ig n i f i c a n t  amount o f  f i l t r a t e  was form ed i n  1*8 
h o u rs . However, a t  h ig h e r  p re s s u re s ,  adequate  f i l t r a t i o n  o ccu rred  
and p re s su re s  betw een 100 and 2 l*0 mm m ercury le d  to  no s ig n i f i c a n t  
d if f e r e n c e s  in  th e  f i l t e r a b i l i t y  v a lu es  o b ta in e d . Time o f  f i l t r a t i o n  
betw een 16 and 1*8 h o u rs  lik e w ise  caused  no s ig n i f i c a n t  v a r i a t io n .
An Im p o rtan t p o in t  to  c o n s id e r  i s  t h a t  th e  amount o f  calc ium  in  th e  
u l t r a f i l t r a t e  p lu s  t h a t  in  th e  re s id u e  should  eq u a l th e  amount o f  
calc ium  p re s e n t  in  th e  o r ig i n a l  sam ple, th u s  r u l i n g  o u t lo s s e s  due 
to  a d so rp tio n  on ce llo p h an e  and th e  equipm ent. (To r u le  o u t o r  
p ro v id e  a b a s i s  f o r  c o r r e c t io n  o f  e v a p o ra tio n  lo s s e s  and w a te r g a in  
from th e  membrane, a w ater b a lan ce  s tudy  shou ld  a ls o  be c o n s id e re d .)
120F . P . C h in ard , D e r iv a tio n  o f  an e x p re ss io n  f o r  th e  r a t e  o f  
fo rm a tio n  o f  g lo m eru la r f l u i d  (G IB ). A p p l ic a b i l i ty  o f  c e r t a in  p h y s ic a l  
and p h y sico -ch em ica l c o n ce p ts , Am. J .  P h y s io l .  171 : 578-86  ( 1952) .
H opkins, J .  E . Howard, and H. E ise n b e rg , U l t r a f i l t r a t i o n  
s tu d ie s  on calc ium  and phosphorus in  human serum, Johns Hopkins Hbsp. 
B u l l .  9 1 :1 -2 1  ( 1952) .  (See a lso  Howard, op .  c i t .  (F o o tn o te  n o ) . )
TOO
P . H. L a v ie te s ,  A naerobic u l t r a f i l t r a t i o n ,  J .  B io l . Chem. 
120:267-75 (1 9 3 7 ).
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They found th a t  In  t h i s  membrane no p r o te in  was p a sse d . F ree z in g  o f  
th e  serum had no s ig n i f i c a n t  e f f e c t  i f  th e  serum was s a tu r a te d  w ith  
5 p e r  c e n t  carbon  d io x id e  b e fo re  u l t r a f i l t r a t i o n  was a tte m p te d . 
T em peratures betw een 28 and 36°  C . seemed to  cause no d i f f e r e n c e s .
The hydrogen io n  c o n c e n tra tio n , how ever, was an im p o rtan t f a c t o r .
A t pH*s o f  abou t 9 . 9 , on ly  30 p e r  c e n t o f  th e  serum calc ium  was 
f i l t e r a b l e ,  w h ile  a t  norm al l e v e l s ,  s a tu r a t in g  w ith  5 p e r  c e n t  carbon  
d io x id e  and 95 p e r  c e n t  oxygen, n e a r ly  70 p e r  c e n t was f i l t e r a b l e ,  
w h ile  a f t e r  use  o f  d i l u t e  h y d ro c h lo ric  a c id ,  lo w erin g  th e  pH to  5*1#
97 p e r  c e n t was f i l t e r a b l e .  Thus i t  i s  seen  th a t  i f  pH i s  n o t 
c o n t r o l le d . th e  r e s u l t s ;  o f  u l t r a f i l t r a t i o n  experim en ts  a re  q u e s tio n -  
a b le .  Adding calc ium  to  serum caused  no change in  th e  p e r  c e n t 
u l t r a f  l i t e r  a b i l i t y .  A l te r in g  th e  serum phosphorus c o n te n t w ith o u t 
changing  pH d id  n o t a f f e c t  calc ium  f i l t e r a b i l i t y  and th e  phosphorus 
co n tin u ed  to  be a lm ost 100 p e r  c e n t f i l t e r a b l e .  They found t h a t  th e  
serum magnesium was about 83 p e r  c e n t u l t r a f l l t e r a b l e  up to  a 
c o n c e n tra tio n  o f  26 . b p e r  c e n t .  A t magnesium c o n c e n tra tio n s  above 
1 6 .1  mg p e r c e n t ,  how ever, th e  phosphorus u l t r a f l i t e r a b i l i t y  was 
a f f e c te d .  They concluded th a t  th e  serum p ro te in s  have a c a p a c ity  to  
b in d  r e l a t i v e l y  la rg e  amounts o f  magnesium w ith o u t s e r io u s ly  im p a irin g  
th e  a b i l i t y  to  b in d  ca lc iu m . They r e p o r t ,  however, t h a t  t h e i r  
u l t r a f l i t e r a b i l l t y  v a lu es  f o r  phosphorus a re  such as  to  in d ic a te
123 J£ht h a t  i t  i s  n o t q u ite  com plete ly  f i l t e r a b l e .  G reenberg and L arson  ’
m.  G reenberg and C. E . L arso n , The r e l a t i o n  o f  calc ium
p r o te in a te  and c o l lo id a l  calc ium  phosphate  to  th e  p a r t i t i o n  o f  
calc ium  in  th e  b lo o d  s tream , J .  F bys. Chem. 1139-50 (1 9 3 9 ).
1 2 % . m. G reenberg , The in te r a c t io n  betw een th e  a l k a l i  e a r th
c a t io n s ,  p a r t i c u l a r ly  ca lc iu m , and p r o te in s ,  Adv. P r o te in  Chem.
1 :121-51  ( 1 9 ^ ) .
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have c o n s id e re d  th e  f a c to r s  in v o lv ed  in  calc ium  p r o te in a te  b in d in g ,
a l s o .  They a ls o  d is c u s se d  th e  problem  o f  a  c a lc iu m -p ro te ln a te
c o n s ta n t .  The problem  o f  a  d is s o c ia t io n  c o n s ta n t f o r  m e ta l complexes
125w ith  amino a c id s  aB a f f e c te d  by pH h as  been  s tu d ie d  by Monk.
126A lb e r t  a ls o  s tu d ie d  th e  complexes form ed by m e ta ls  such as 
magnesium and t r a c e  e lem en ts w ith  v a r io u s  amino a c id s .  Beyond t h i s  
fo rm ing  o f  com plexes w ith  v a r io u s  su b s tan ces  w ith in  th e  b lo o d  o th e r  
th a n  p r o te in ,  and th e re b y  re d u c in g  th e  c o n c e n tra t io n  o f  io n iz e d  
c a t io n ,  b u t n o t  o f  f i l t e r a b l e  c a t io n ,  T ra u tm a n '^  h as  shown t h a t  a 
membrane such as ce llo p h an e  may cause a  r e t e n t io n  o f  v a r io u s  e l e c t r o ­
l y t e s .  T h is  would le a d  to  s e r io u s  e r r o r  u n le s s  an  adequate  amount 
o f  f i l t r a t e  i s  produced to  f i l l  th e se  a b so rp tio n  s i t e s  (and  to  
d is p la c e  w a te r in  th e  p o re s) b e fo re  th e  f i l t r a t i o n  i s  s t a r t e d  f o r  
th e  subsequen t a n a ly s is .  A lthough in  g e n e ra l  magnesium h as  a  low er 
a f f i n i t y  f o r  v a r io u s  a n io n s , M onnier e t  a l . ^ 8 ,1 2 9  have g iv en
3. Monk, E le c t r o ly te s  in  s o lu t io n s  o f  amino a c id s .  I ? .  
D is s o c ia t io n  c o n s ta n ts  o f  m e ta l complexes o f  g ly c in e , a la n in e ,  and 
g ly c y lg ly c in e  from pH t i t r a t i o n s ,  T ra n s . F araday  Soc. 47 :285-91  
(1 9 5 1 ). (Chem. A b s t. 45:8329e)
•^^A . A lb e r t ,  Q u a n ti ta t iv e  s tu d ie s  o f  th e  a v id i ty  o f  n a tu r a l ly  
o c c u r r in g  su b s tan ces  f o r  t r a c e  m e ta ls .  I .  Amino a c id s  h av in g  o n ly  
two io n iz in g  g ro u p s, Biochem. J .  47:531-38 (1 9 5 0 ).
■k^S. Trautm an, U l t r a f i l t r a t i o n  o f  c r y s t a l l o i d s ,  A rch . S c i . 
P h y s io l . 1 :275-84  (1 9 4 7 ). ( Chem. A b s t. 42 :8578f)
M. M onnier and J .  C houteau, D em onstration  o f  a lk a l in e  
e a r th  complexes by e le c t r o p h o r e s is ,  A rch . S c i . P h y s io l . 1 :407-26  
(1 9 4 7 ). (Chem. A b s t.  43 :4970f)
129A. M. M onnier, V. B onnet, and R . B ra rd , P hysio ch em ica l s tudy  
o f  calc ium  and magnesium com plexes in  body f l u i d s ,  A rch . I n t e r n . 
P h y s io l .  54 :188-92 (1 9 4 6 ).
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In fo rm a tio n  a s  to  th e  "binding power o f  th e  complexes form ed w ith  
o x a la te ,  c i t r a t e ,  and t a r t r a t e *  Lehmann and P o lia k "^0 have shown 
t h a t  th e re  i s  in c re a se d  s o l u b i l i t y  o f  calcium  s a l t s  in  th e  p resen ce  
o f  a lp h a  amino a c id s ,  and t h a t  even in  an a lk a l in e  medium th e se  
a f f e c t s  th e  r a t e  o f  a b so rp tio n  o f  calc ium  from th e  i n t e s t i n e .
A thermodynamic a n a ly s is  o f  u l t r a f i l t r a t i o n  h a s  been  g iv en  by 
F le x n e r .1 "^1" In  1936 , F e rry ^ -2 p re se n te d  a  rev iew  on u l t r a f i l t r a t i o n  
and th e  membranes u se d . B efore  t h i s  tim e , m ost o f  th e  membranes were 
o f  c o llo d io n  and th e  u se  o f  ce llo p h an e  had n o t become g e n e ra l .  He, 
to o ,  n o te d  th a t  when th e  pH o f  serum was low ered , th e  f i l t e r a b i l i t y  was 
in c re a s e d .
Many form s o f  a p p a ra tu s  have been  u sed  f o r  u l t r a f i l t r a t i o n  
s tu d ie s .  One t h a t  p e rm its  a ready  c o n tro l  o f  f i l t r a t i o n  p re s su re  and 
w hich a ls o  p re v e n ts  lo s s  o f  carbon  d io x id e  i s  th e  method developed  by 
Lavietes-^-33 in  1937 .  A ce llo p h an e  membrane i s  used  and p re s su re  i s  
a p p lie d  by a m ercury column 35 cm h ig h . By p la c in g  m ercury b o th  above 
and below  th e  membrane w ith  th e  sample below  and a m ercury la y e r  above, 
i t  i s  p o s s ib le  to  m a in ta in  an ae ro b ic  c o n d itio n s  a t  a l l  tim e s .
^® H . Lehmann and L . P o l ia k ,  The in f lu e n c e  o f  amino a c id s  on 
t r a n s f e r  o f  phosphate  i n  m uscle e x t r a c t  and on th e  s o l u b i l i t y  o f  
magnesium and calc ium  s a l t s ,  J .  P h y s io l . 1 0 0 :l7 - l8 P  (1 9 ^ 2 ).
131L. B. F le x n e r , A thermodynamic a n a ly s is  o f  u l t r a f i l t r a t i o n .
The u l t r a f i l t r a t i o n  o f  su cro se  and c o l lo id a l  s o lu t io n s ,  J .  B io l .
Chem. 121:615-30 (1937)*
132J .  D. F e r ry , U l t r a f i l t e r  membranes and u l t r a f i l t r a t i o n ,
Chem. R ev. 18:373-^55 (1 9 3 6 ).
" ^ ^ L a v ie te s , op .  o i t .  (F o o tn o te  122)
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S e v e ra l form s o f  u l t r a f i l t e r s  s im ila r  to  th o se  u sed  i n  ‘b a c te r io ­
lo g i c a l  s t e r i l i z a t i o n  te ch n iq u es  have been  d e sc r ib e d  w hich u se  some 
form  o f  su p p o rtin g  g r id ,  on to p  o f  which i s  p laced  a membrane. A ir ,  
n i t r o g e n , o r  some o th e r  gas under h ig h , one to  e ig h t  a tm o sp h eres , 
p re s s u re s  i s  sugge s te d . '* '^  ^
A nother in t e r e s t i n g  tech n iq u e  which h a s  been  a p p lie d  by s e v e ra l
138 - 1*1a u th o rs  to  o b ta in  a  d r iv in g  p re s su re  i s  c e n t r i f u g a t io n .  By
u s in g  a  s in te r e d  g la s s  d is k  to  su p p o rt a  ce llo p h an e  bag  c o n ta in in g  
th e  s o lu t io n ,  f i l t r a t i o n  p re s su re s  may be o b ta in e d  by c e n t r i f u g a t io n  
a t  fo rc e s , o f  a  few thousand tim es  g r a v i ty .  A lthough th e  s t r e s s e s  
in v o lv ed  a re  g r e a t ,  th e  r e l a t i v e  f i l t r a t i o n  p re s su re  i s  n o t  p a r t ic u la r ly  
h ig h . I f  th e  la y e r  o f  f l u i d  above th e  membrane i n  th e  c e n tr i fu g e
■*•3^ 1. w . Coleman, R apid  u l t r a f i l t r a t i o n  a p p a ra tu s , Can. J .
Med. S c i . 30:21*6-1*9 (1 9 5 2 ) . '
■ ^ A . A lb e r t and D. A. R ogers, An improved u l t r a f i l t e r  f o r  th e  
c o n c e n tra tio n  o f  u r in a ry  g o n ad o tro p in , J .  Lab. and C l in . Med.  37:
1*85-87 (1 9 5 1 ).
5 A. C . K uyper, E . B . Andrews, and G. E id t ,  A la b o ra to ry  
u l t r a f i l t e r ,  Rev. S c i . In s tru m en ts  22:218 (1 9 5 1 ).
137J I B[. 0 .  N ic h o la s , D if f u s ib le  serum calc ium  by h ig h  p re s s u re  
u l t r a f i l t r a t i o n ,  J .  B io l . Chem. 97^57-61* (1 9 3 2 ).
Y . T o r ib a ra , C en trifu g e  ty p e  o f  u l t r a f i l t r a t i o n  a p p a ra tu s , 
A n a l.  Chem. 25:1286 (1 9 5 3 ).
139A. L . L a tn e r and E . B. S la c k , C e n tr ifu g a l  u l t r a f i l t r a t i o n ,  
N atu re  165:530-31 (1 9 5 0 ).
^ ° I .  Feldm an, R . A. D anley, and J .  F . O 'L eary , im proved c e n t r i ­
fuge  type  o f  u l t r a f i l t r a t i o n  a p p a ra tu s , A n a l. Chem. 22:827-1*8 (1 9 5 0 ).
•^■4?. B . C o o lid g e , A sim ple u l t r a f i l t r a t i o n  a p p a ra tu s , J .  B io l . 
Chem. 135:5^1 (1 9 ^ 0 ) .
1b 2  m  th ic k ,  th e n  a fo rc e  o f  abou t 5000 tim e s  g r a v i ty  i s  r e q u ire d
to  e x e r t  a  p re s s u re  a t  th e  membrane e q u iv a le n t  to  one a tm osphere .
I f  a  r e f r i g e r a t e d  c e n tr i fu g e  i s  a v a i la b le  and pH i s  c o n t r o l le d ,  t h i s
a p p a ra tu s  would p ro v id e  a s a t i s f a c to r y  u l t r a f i l t r a t i o n  te c h n iq u e  f o r
142f i l t e r a b i l i t y  s tu d ie s .  C legg s im p l i f ie s  th e  p ro ced u res  f u r th e r  by
u s in g  a  n jilon  bag  o u ts id e  o f  th e  ce llo p h an e  bag  to  su p p o rt th e  
membrane w h ile  c e n t r i f u g in g .  The two bags a re  fa s te n e d  to  a  heavy 
co rd  w hich goes th ro u g h  a s to p p e r a t  th e  to p  o f  a  h eav y -w alled  t e s t  
tu b e . T h is  i s  a lm ost th e  h e ig h t  o f  s im p l ic i ty .  I f  a h o llo w , impervious, 
i n e r t  o b je c t  w hich were l i g h t e r  th a n  w a te r  were th e n  p la c e d  in s id e  
such a b ag , to  g iv e  a h ig h e r  membrane su r fa c e  to  volume r a t i o ,  and a 
5 p e r  c e n t carbon  d io x id e  m ix tu re  p la c e d  around th e  b a g s , t h i s  
te ch n iq u e  m ight be v e ry  s a t i s f a c to r y  f o r  serum u l t r a f i l t r a t i o n  s tu d ie s .
T hin  s h e e ts  o f  ce llo p h an e  a ls o  have been  u sed  to  form u l t r a ­
f i l t r a t i o n  s u r f a c e s .  The advantage o f  u s in g  s h e e ts  i s  t h a t  la rg e
su rfa c e  to  volume r e l a t io n s h ip s  may be r e a l i z e d ,  and th u s  h ig h  r a t e s
143o f  f l u i d  flo w  p e r  u n i t  o f  p re s su re  and tim e o b ta in e d .
A vacuum h as  a ls o  been  used  as  a sou rce  o f  p re s s u re  f o r  u l t r a -  
3_l4.li. 1 I4 5
f i l t r a t i o n .  ’ E v a p o ra tio n  lo s s e s  i n  such a p p a ra tu s  a re
E . C legg , Sim ple method o f  p re p a r in g  an u l t r a f i l t r a t e ,  
C hem lst-A nalyst 38 : 87-88  ( 1949) .
C. C la rk , J r . ,  An e a s i ly  c o n s tru c te d  a p p a ra tu s  f o r  p re ­
p a r in g  u l t r a f i l t r a t e s ,  J .  l a b . C l in . Med. 37 :481-84  (1 9 5 1 ).
lWlD. M. G reenberg and L . G un ther, On th e  d e te rm in a tio n  o f  
d i f f u s i b l e  and n o n -d if fu s ib le  serum ca lc iu m , J .  B io l .  Chem. 85 : 
4 9 1 -5 0 8 (1 9 3 0 ) . .
^ A .  J .  Rawson and P . W. Sunderman, S tu d ie s  In  serum e l e c t r o ­
l y t e s .  XV. The calc ium  b in d in g  p ro p e r ly  o f  th e  serum , J .  C l in .
I n v e s t . 2 7 : 82-90  (1 9 4 8 ) . (See a ls o  fo o tn o te s  153 and 154)
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min im ized  by a t ta c h in g  to  th e  a p p a ra tu s  a  v e s s e l  c o n ta in in g  w a te r  so 
t h a t  a s  t h i s  e v a p o ra te s , th e  a i r  su rro u n d in g  th e  u l t r a f i l t r a t i o n  
membrane w i l l  be s a tu r a te d .  T h is , how ever, does n o t  so lv e  th e  problem  
o f  lo s s  o f  carbon  d io x id e  and r e s u l t a n t  change In  pH, e s p e c ia l ly  a t  
th e  p re s s u re s  in v o lv ed  and th e  la rg e  su r fa c e  exposed .
A nother approach to  t h i s  problem  i s  to  u se  an  u l t r a c e n t r i f u g e .
I f  th e  p r o te in s  under th e  in f lu e n c e  o f  th e s e  h ig h  c e n t r i f u g a l  fo r c e s  
a re  fo rc e d  to  th e  o u te r  p a r t  o f  th e  sample h o ld e r  w h ile  th e  sm all 
m o lecu les  such as  calc ium  o r  v a r io u s  dyes rem ain  i n  t r u e  s o lu t io n ,  
th e n  i t  i s  p o s s ib le  by sam pling t h i s  s o lu t io n  a t  v a r io u s  l e v e l s  a f t e r  
a p e r io d  o f  u l t r a c e n t r i f u g a t io n ,  to  o b ta in  d a ta  a s  to  th e  p ro p o r t io n  
w hich i s  bound. I f  th e  c o n c e n tra t io n  o f  th e  su b s tan ce  in  q u e s tio n  i s  
p lo t t e d  v e rsu s  th e  c o n c e n tra t io n  o f  th e  p r o te in  i n  th e  v a r io u s  
sam ples from  th e  u l t r a f i l t r a t i o n  tu b e  and t h i s  cu rve  i s  e x tr a p o la te d  
to  zero  p r o te in  c o n c e n tra t io n , th e n  th e  non-bound c o n c e n tra t io n  w i l l  
b e  o b ta in e d . T h is  h a s  been  done by Rawson f o r  a  dye w h ile
i h7 i liftC h an u tin , Ludewig, and M asket 1 ’ u sed  i t  to  s tu d y  c a lc iu m -p ro te in  
r e l a t i o n s h ip s .  By u s in g  th iB  m ethod, Kennedy e t  a l^ ih o w e d  t h a t  
ab o u t 6 p e r  c e n t  o f  th e  plasm a c r e a t in in e  i s  p ro te in -b o u n d .
T t .  A. Rawson, The b in d in g  o f  T -l8 2 ^  and s t r u c t u r a l l y  r e l a t e d  
d ia zo  dyes by th e  plasm a p r o te in s ,  Am. J .  P h y s io l . 138 : 708-17  (1 9 ^ 3 ) .
C h an u tin , S . Ludewig, and A. V . M asket, S tu d ie s  on  th e  
c a lc iu m -p ro te in  r e l a t io n s h ip  w ith  th e  a id  o f  th e  u l t r a c e n t r i f u g e . I .  
O b se rv a tio n s  on calcium  c a s e in a te  s o lu t io n s ,  J .  B io l . Chem. 1^3: 
737-51 ( 19^2 ) .
Ludewig, A . C h an u tin , and A. V . M asket, S tu d ie s  i n  th e  
c a lc iu m -p ro te in  r e l a t io n s h ip  w ith  th e  a id  o f  th e  u l t r a c e n t r i f u g e .  I I .  
O b se rv a tio n s  on serum, J .  B io l . Chem. 1^3 : 753-69  ( 19U2 ) .
1^9t .  J .  Kennedy, J r . ,  J .  G. H il to n ,  and R . W. B e r l in e r ,  
Com parison o f  i n u l in  and c r e a t in in e  c le a ra n c e  i n  th e  norm al dog,
Am. J .  P h y s io l . 171 : 16^-68  (1 9 5 2 ).
The problem  o f  th e  e f f e c t s  o f  th e  -Gibba -Donnan •phenomena a re  
q u i te  complex and w i l l  n o t he d is c u s s e d  a t  le n g th  h e r e .  F o lk  e t  a l . ^ O  
found t h a t  th e  d i s t r i b u t i o n  r a t i o s  f o r  sodium and p o tassium  w ere 
.96  and *9 2 , r e s p e c t iv e ly ,  a s  o b ta in e d  by sam pling e x t r a c e l lu l a r  
f l u i d s  such a s  p l e u r a l ,  p e r i to n e a l ,  and subcutaneous f l u i d s  
s im u lta n eo u s ly  w ith  b lo o d  sam pling  in  man. They a t t r i b u t e  th e  low er 
v a lu e  o f  po tass iu m  to  p o s s ib le  c o n tam in a tio n  o f  th e  serum by p o tassium  
from  c e l l s .  They conclude t h a t  th e  d i s t r i b u t i o n  o f  p o ta ss iu m  betw een 
serum and i n t e r s t i t i a l  f l u i d  i s  c o n s is te n t  w ith  v a lu e s  p r e d ic te d  by
th e  Gibbs-Donnan e q u ilib r iu m  and t h a t  th e re  i s  no p r o te in  b in d in g .
151H a s tin g s  e t  a l .  i n  1928 d is c u s s e d  and p re s e n te d  ev idence  a s  to  th e  
e l e c t r o l y t e  d i s t r i b u t i o n  betw een t r a n s u d a te s  and serum . I f  p r o te in  
b in d in g  i s  n e g l ig ib le ,  th e n  th e  d i s t r i b u t i o n  o b ta in e d  should  be 
a t t r i b u t a b l e  on ly  to  th e  Gibbs-Donnan phenomena. T e o re ll^ -^  in  1937 
p re s e n te d  a  th e o ry  o f  io n ic  accu m u la tio n  w hich p r e d ic ts  th e  d i s t r i b u ­
t i o n  o f  e l e c t r o l y t e s  when a c o n s ta n t  d i f f u s io n  o f  io n s  o ccu rs  a c ro ss  
a  membrane. T h is  i s  more g e n e ra l  th e o ry  th a n  th e  Gibbs-Donnan
■^Pb. P . F o lk , K. L . Z i e r l e r ,  and J .  L . L i l i e n t h a l ,  J r . ,  
D i s t r ib u t io n  o f  p o tassium  and sodium betw een serum and c e r t a in  
e x t r a c e l lu l a r  f l u i d s  in  man, Am. J .  P h y s io l . 153 : 381-85  (1 9 ^ 8 ).
■^■*A. B. H a s tin g s , H. A. S a lv e se n , J .  Sendroy , J r . ,  and D. D. 
V anSlyke, S tu d ie s  o f  gas and e l e c t r o l y t e  e q u i l i b r i a  i n  th e  b lo o d .
IX . The d i s t r i b u t i o n  o f  e l e c t r o l y t e s  betw een t r a n s u d a te s  and serum ,
J .  Gen. P h y s io l .  8 :701-11  ( 1928) .
T e o r e l l ,  S tu d ie s  on th e  d i f f u s io n  e f f e c t s  upon io n ic  
d i s t r i b u t i o n .  I I .  E xperim en ts on io n ic  accu m u la tio n , J .  Gen.  P h y s io l . 
21 :107-22  (1 9 3 7 ); f o r  th e o ry  d e r iv a t io n ,  see P ro c . H a t. Acad.  S c i . 
21 :152 (1 9 3 5 ).
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fo rm u la tio n  in  which th e  m o t i l i t y  o f  th e  p r o te in  i s  c o n sid e red  to  he 
z e ro . T e o r e l l 's  th e o ry  p r e d ic ts  th e  io n  d i s t r i b u t i o n  i f  a l l  su b stan ces  
a re  d i f f u s ib l e  b u t a t  d i f f e r e n t  r a t e s .
An e x te n s iv e  s tudy  o f  th e  p ro te in  b in d in g  o f  magnesium h as  been
made by Copeland, W i l l i s ,  and S u n d e r m a n  .-^ 3 A 5 ^  th e  f i r s t  p a p e r ,
th e  l i t e r a t u r e  i s  e x te n s iv e ly  rev iew ed and ex p e rim en ta l d a ta  a re
summarized a s  to  th e  d is s o c ia t io n  c o n s ta n t o f  th e  m ag neslum -p ro te inate
complex and th e  r e l a t i v e  magnesium b in d in g  power o f  album in and
g lo b u l in .  In  th e  second p a p e r , nomograms a re  p re se n te d  which may be
u sed  to  c a lc u la te  th e  magnesium io n  c o n c e n tra tio n  in  th e  serum o r
in  an u l t r a f i l t r a t e .  U n fo r tu n a te ly , a s  may be seen  from  th e  work o f  
155Hopkins e t  a l . , th e  pH i s  an im p o rtan t f a c t o r .  Copeland e t  a l . 
seem to  have n e g le c te d  t h i s ,  and by u s in g  a vacuum as a  source o f  
p re s su re  g ra d ie n t ,  i t  i s  d i f f i c u l t  to  im agine t h a t  th e  serum carbon  
d io x id e  was n o t r a p id ly  l o s t ,  th u s  r a i s in g  th e  pH and acco u n tin g  
f o r  th e  r e l a t i v e l y  low fa lu e s  which th e se  w orkers o b ta in e d  in  
com parison to  o th e r s .
e .  Copeland and F . W. Sunderman, Serum e l e c t r o l y t e s .
X V III. The m agnesium -binding p ro p e rty  o f  th e  serum p r o te in s ,  J .
B i o l . ,Chem. 197 :331- %  (1952).
1 5 % . J .  W i l l i s  and F . W. Sunderman, S tu d ie s  in  serum e l e c t r o ­
l y t e s .  X3X. Nomograms f o r  c a lc u la t in g  magnesium io n  i n  serum and 
u l t r a f i l t r a t e s .  J .  B io l .  Chem. 1 9 7 :3 % -%  (1952$.
^ ^ H o p k in s  e t  a l . . op . c i t .  (F o o tn o te  121)
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The v a lu e s  f o r  th e  f i l t e r a b i l i t y  o f  magnesium have te e n
v a r i a b l e ,153-163 ra n g in g  from  abou t 50 p e r  c e n t as  r e p o r te d  by
Cosgrove and P e r r y '^  to  abou t 83 p e r  c e n t a s  re p o r te d  by Hopkins 
155e t  a l .  The v a r i a b i l i t y  in  th e se  d a ta  a re  a t t r i b u t a b l e  to  
d i f f e r e n c e s  in  m ethods, to  th e  degree  o f  c o n tro l  o f  pH In  term s o f  
p re v e n tio n  o f  carbon  d io x id e  I o s b ,  and to  d if f e r e n c e s  i n  amount and 
ty p e  o f  p r o te in  p r e s e n t .  Because o f  th e  sy s te m a tic  approach u sed  by 
Hopkins e t  a l . , t h e i r  c o n tro l  o f  pH, and th e  use  o f  p o s i t iv e  p re s su re  
on a  ce llo p h an e  membrane, i t  i s  f e l t  t h a t  a v a lu e  o f  abou t 83 p e r  
c e n t f i l t e r a b i l i t y  f o r  magnesium i s  c lo se  to  th e  c o r r e c t  v a lu e .
156^ J .  B. B . Cosgrove and W. F . P e r ry , Plasm a magnesium d is o rd e r s  
o f  th e  th y ro id  g la n d , Can. J .  R esearch  27E: 10-13 (19^9) •
157S . H. S ilverm an  and L . I .  G ardner, U l t r a f i l t r a t i o n  s tu d ie s  on 
serum magnesium, N. Eng. J .  Med. 25 :938-^1  (195*0 •
J .  S o f f e r ,  C. Cohn, G. X esn ick , H. S obo tka , and M. Jac o b s , 
E f f e c t  o f  sodium io d id e , magnesium s u l f a t e ,  th y ro x in e , and th y ro ­
t r o p ic  hormone on th e  blood-m agneslum  p a r t i t i o n ,  J .  C l in .  I n v e s t .
23 : 263-66  ( 19V O .
^ c .  L . Cope and B. W o lff, The u l t r a f i l t e r a b l e  serum magnesium 
in  h y p e rth y ro id ism , Blochem. J .  36 :^ 13-16  ( 19^2 ) .
. f .  Dine and P . H. L a v ie te s ,  Serum magnesium in  th y ro id  
d is e a s e ,  J .  C l in .  I n v e s t , 21 : 781-86  (1 9 ^ 2 ) .
1^1L. J .  S o f f e r ,  C. Cohn, E . B . Grossman, M. Ja c o b s , and H. 
S obo tka , Magnesium p a r t i t i o n  s tu d ie s  in  G raves’ d is e a s e  and in  
c l i n i c a l  and ex p e rim en ta l h y p e rth y ro id ism , J .  C l in . I n v e s t . 20: 
h29-32 (1 9 ^ 1 ) .
•^%». J .  S o f f e r ,  D. D an tes , D. A lf r e d , E . B. Grossman, H. 
S obo tka , and M. D. J a c o b s , U l t r a f  i l t e r a b l e  magnesium in  h y p e r­
th y ro id ism , J .  C l in . I n v e s t . 18:597-601 (1939)*
1 6 3 r. a .  McCance and E . W atchom , In o rg an ic  c o n s t i tu e n ts  o f  
c e re b ro s p in a l  f l u i d .  I .  Calcium  and magnesium, Q u a rt. J .  Med. 2k: 
371-79 (1 9 3 0 ). (See F o o tn o te  $k a lso )
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F i l t e r a b i l i t y  o f  ca lc ium  i s  low er th a n  t h a t  o f  magnesium.
ig h
Neuman and Chen found v a lu e s  o f  ab o u t 50 p e r  c e n t ,  w hereas
Hopkins e t  a l . ^ ^  r e p o r t  v a lu e s  o f  ab o u t TO p e r  c e n t a t  norm al
l66
plasm a p H 's . McLean and B a s tin g s , u s in g  th e  f ro g  h e a r t  as  a  
b io a ssa y  f o r  calc ium  io n  c o n c e n tra t io n ,  have o b ta in e d  v a lu e s  e q u iv a le n t  
to  b6  p e r  c e n t  o f  th e  ca lc ium  i n  io n  form , a t  serum p r o te in  concen­
t r a t i o n s  o f  6 .5  p e r  c e n t .  The p ro p o r t io n  o f  d i f f u s ib l e  calc ium  would 
be h ig h e r .  G reenberg  and G u n th e r^ ^  and McCance and W atchorn^®  
have a ls o  s tu d ie d  th e  d i f f u s i b l e  f r a c t i o n  o f  serum ca lc iu m . The 
l i t e r a t u r e  was n o t  th o ro u g h ly  su rv ey ed , how ever, on t h i s  s u b je c t .
The Problem
Not enough i s  known ab o u t th e  k idney  a t  th e  p re s e n t  tim e to  
prove th e  mechanisms o f  a c t io n  o f  in c re a s e d  u r e t e r a l  p re s su re  and 
su cro se  d iu r e s i s  on th e  e x c r e t io n  o f  calc ium  and magnesium o r  to  
co m p le te ly  e v a lu a te  th e  h o m e o s ta tic  im portance  o f  changes in  
f i l t r a t i o n  r a t e .  U n t i l  f irm  ev id en ce  a s  to  th e  flow  and co m position  
o f  th e  u r in e  le a v in g  th e  p ro x im al tu b u le  a s  w e ll  a s  t h a t  o f  th e  
f l u i d  e n te r in g  th e  d iB ta l  tu b u le  i s  known, th e  fu n c t io n  o f  th e se  
con v o lu ted  tu b u le s  w i l l  p ro b ab ly  rem ain  s p e c u la t iv e ,  n o t on ly
■ ^^eum an and Chen, o £ . c i t .  (F o o tn o te  111)
•^ H o p k in s  e t  a l . , o p . c i t . (F o o tn o te  121)
l6 6 C a lc u la te d  from  th e  nomograms p re s e n te d  by McLean and 
H a s tin g s , o p . c i t . (F o o tn o te s  116 and I I 7 ) .
l6 r'G reenberg  and G u n th e r, o p . c i t . (F o o tn o te  lW )
168 >McCance and W atch o iri/(F o o tn o tes  5b and 163)
re g a rd in g  magnesium and ca lc iu m , "but a ls o  f o r  sodium and potassium * 
Some in fo rm a tio n  co n ce rn in g  th e  r e n a l  e x c re to ry  mechanisms f o r  th e  
m ajor c a t io n s  may he o b ta in e d , how ever, by d e c re a s in g  th e  f i l t r a t i o n  
r a t e  by means o f  in c re a s e d  u r e t e r a l  p re s s u re  and by In c re a s in g  th e  
u r in e  flo w  by means o f  su cro se  d i u r e s i s .  The e f f e c t s  o f  in c re a s e d  
u r e t e r a l  p re s s u re  may be B tudled  a l s o ,  and some In d ic a t io n  a s  to  th e  
d eg ree  o f  dependence on th e  tu b u la r  a c t i v i t y  on th e  f i l t r a t i o n  r a t e  
may be o b ta in e d .
By com paring th e  s im u ltaneous e x c r e t io n  r a t e s  o f  an  e x p e r im en ta l 
(p r e s s u r e )  k idney  to  t h a t  o f  a  c o n tr o l  k idney  and by n o tin g  changes 
i n  c le a ra n c e s  o f  magnesium, ca lc iu m , p o ta ss iu m , sodium, p h o sp h a te , 
w a te r ,  and c r e a t in in e  in  th e  dog, i t  i s  hoped t h a t  p ro v o c a tiv e  
In fo rm a tio n  w i l l  be  o b ta in e d .
CHAPTER I I  
METHODS
A nim als and C a th e te rs
F iv e  m ongrel dogs, fo u r  o f  which were fem ale , were u sed  i n  th e se  
s tu d ie s .  Sodium p e n to b a r b i ta l  (Nembutal) was u sed  a s  an  a n e s th e t ic  
a t  l e v e l s  o f  30 mg/kg body w e ig h t. The a n e s th e t ic  was m a in ta in ed  a t  
n e a r ly  c o n s ta n t l e v e l s  by in c lu d in g  th e  a n e s th e t ic  in  th e  s u s ta in in g  
in fu s io n  a t  r a t e s  o f  50 jigm/kg body w eigh t p e r m in u te . One ml (60  mg) 
i n j e c t io n s  o f  Nembutal were o c c a s io n a lly  n e c e s sa ry .
In  th e  f i r s t  ex p erim en t, an e s tim a te  o f  th e  c le a ra n c e s  which 
would be ex p ec ted  in  th e se  dogs was o b ta in e d  by means o f  s tan d a rd  
b la d d e r  c le a ra n c e  te c h n iq u e s . F a m il ia r i ty  was ga ined  w ith  th e  
a n a ly t i c a l  te ch n iq u es  a l s o .  In  th e  fo u r  rem ain ing  ex p e rim en ts , th e  
u r e te r s  were exposed by m id - lin e  in c is io n  in  th e  low er abdomen.
Both u r e te r s  were c a n n u la te d , one k idney  s e rv in g  a s  a c o n tro l  f o r  
e x t r a - r e n a l  in f lu e n c e s  a c t in g  th rough  th e  nervous system  o r  th e  b lood  
s tre am . As would be ex p ec ted , some d i f f i c u l t y  was en co u n te red  w ith  
th e  m ale , b u t In  a l l  th e  c a se s  th e  u r e te r s  were c an n u la te d  c lo se  to  
th e  b la d d e r  w ith  p o ly e th y len e  tu b in g . In  m ost c o n tro l  k idneys and 
a l l  th e  ex p e rim en ta l k idneys ( th e  l e f t  ones) th e  tu b in g  was in s e r te d  
in to  th e  r e n a l  p e lv i s .  I f  th e  c a th e te r s  a re  n o t In s e r te d  in to  th e  
r e n a l  p e lv i s ,  i t  would be p o s s ib le  t h a t  th e  p e r i s t a l t i c  a c t io n  o f  
th e  u r e te r  m ight p r o te c t  th e  k idney  from th e  in c re a se d  u r e t e r a l  
p r e s s u r e .  P i lo h e r  e t  a l . 'L concluded from t h e i r  work and from t h a t  o f
% .  P i l c h e r ,  J r . ,  J .  L . Bo lim an , and F .  C. Mann, The e f f e c t  o f  
in c re a se d  i n t r  a - u r e t e r a l  p re s su re  on r e n a l  fu n c tio n , J .  U ro l .  38 :202- 
11 (1 9 3 7 ).
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o th e r s  t h a t  no e f f e c t  on •urine flo w  i s  to  he  ex p ec ted  "below 30 cm 
w a te r p re s su re  because  o f  t h i s  p e r i s t a l t i c  a c t io n .  In. th e se  e x p e r i­
m en ts , t h i s  problem  was n o t  c o n s id e re d  to  be o f  im portance s in c e  th e  
p re s su re  u sed , 60 cm u r in e ,  was s u f f i c i e n t  to  cause a  d ec rea sed  
u r in e  flo w  and g lo m eru la r f i l t r a t i o n  r a t e .  Because o f  th e  r e a l  
danger o f  damaging th e  i n t e r i o r  o f  th e  k idney  by th e  sm all tu b in g  
and because  o f  th e  p o s s i b i l i t y  o f  co n tam in a tio n  o f  u r in e  by th e  
hem orrhaging b lo o d  c o n ta in in g  r e l a t i v e l y  h ig h  amounts o f  sodium and 
ca lc iu m , i t  i s  f e l t  t h a t  fu tu r e  s tu d ie s  shou ld  be conducted  w ith  th e  
t i p  o f  th e  c a th e te r  o u ts id e  th e  r e n a l  p e lv i s .
The in s id e  d iam ete r o f  th e  tu b in g  u sed  as  c a th e te r s  i s  im p o rtan t
i f  m o d era te ly  h ig h  d iu r e s i s  i s  to  be e x p ec te d . The r e s i s ta n c e  to
flo w  o f  th e  c a th e te r  can  be m easured by u s in g  a siphon  arrangem ent
and d e te rm in in g  th e  d r iv in g  p re s su re  by m easuring  th e  d if f e r e n c e  i n
h e ig h t  betw een th e  t i p  o f  th e  c a th e te r  and th e  w a te r c o n ta in e r .
Tubing o f  an  in s id e  d iam e ter o f  0 .034 in c h es  w hich had been  u sed
(ex p e rim en ts  1 -4 ) was found to  r e q u ir e  a 2J cm head o f  w a te r to
o b ta in  a  flo w  o f  2 .2  m l/m in (T ab le  l ) .  A t th e se  u r e t e r a l  p r e s s u r e s , ,
T ab le  1 . P re s su re - f lo w  r e la t io n s h ip  o f  p o ly e th y le n e  tu b in g  u sed  f o r  
u r e t e r a l  c a n n u liz a t io n
Tubing in s id e  
d iam e te r ( i n . )
Length
(cm)
P re s su re  
(cm H2O)
Flow
(m l/m in)
Flow (m l/m in) 
p e r 100 cm le n g th  
and 10 cm p re s su re
.034 106 50 4 .0 .8
.034 106 27 2 .2 •9
.034 88 9 .45 .4
.047 90 27 9 .8 3 .3
.047 120 30 8 .0 3 .2
.047 120 10 2 .3 2 .8
.055 168 27 8 .4 5 .2
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s ig n i f i c a n t  e f f e c t s  on u r in e  flo w  may "be a n t i c ip a te d .  In  a 
su b seq u en t ex p erim en t, tu b in g  o f  0 . 0^7 In ch es  In s id e  d ia m e te r was 
u sed  and th e  t i p  o f  th e  c a th e te r  was low ered  below  th e  l e v e l  o f  th e  
k id n ey  U cm p e r  m l/m in u r in e  f lo w . C a th e te r  r e s i s t a n c e  I s  an  im p o rt­
a n t  sou rce  o f  e r r o r  in  ex p erim en ts  in v o lv in g  u r e t e r a l  c a n n u l iz a t io n .  
In fu s io n s  and C o l le c t io n  P e r io d s
In fu s io n s  were made th ro u g h  a  fem o ra l v e in  u s in g  an  i n f i n i t e  
c a p a c ity  c o n s ta n t in fu s io n  pump p re v io u s ly  d es ig n ed  and b u i l t  by th e  
a u th o r  (F ig u re  l ) .  U sing  50 ml sy rin g e s  w ith  c lo s e ly  s im i la r  p lu n g e r 
d ia m e te rs  and th e  r a p id  r e v e r s in g  and change-over f e a tu r e s  o f  th e  
pump (5  seconds o r  l e s s  r e q u ir e d  to  change from  one s y r in g e  to  th e  
o t h e r ) ,  flo w s were m a in ta in ed  c o n s ta n t  to  w i th in  l e s s  th a n  1 p e r  
c e n t  e r r o r  i n  flo w  r a t e .
The fo llo w in g  r e la t io n s h ip s  w ere assumed to  e x i s t  under s tead y  
s t a t e  c o n d itio n s  f o r  th e  v a r io u s  su b s ta n c e s  w hich were in fu s e d :
1 .  Sx  x  Pe q =  P W here: X s  su b stan ce  in fu s e d
?eq  = e q u ilib r iu m  plasm a oon-
2 .  Cx  x  PeQ s  E = I  c e n t r a t i o n  o f  X
Cx  a  plasm a c le a ra n c e  o f  th e  
su b stan ce  
amount e x c re te d  p e r  m inu te  
I  *  amount in fu s e d  p e r  m inu te  
P = amount p re s e n t  i n  th e  body 
a t  e q u ilib r iu m  ( i d e a l l y ,  th e  
p rim in g  dose sho u ld  be o f  
t h i s  m agnitude)
S = space o r volume o f  d i s t r i b u ­
t i o n  o f  X
Knowing th e  d e s i r e d  plasm a l e v e l  and h av in g  an e s t im a te  o f  th e  
volume o f  d i s t r i b u t i o n  o f  th e  su b stan ce  in fu s e d , th e  p rim in g  dose was
2L . S h a re , E f f e c t  o f  in c re a s e d  u r e t e r a l  p re s s u re  on r e n a l  
f u n c t io n ,  Am. J .  P h y s io l .  168:97-106 ( 1952) .
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F ig u re  1 .  An i n f i n i t e  c a p a c i ty ,  c o n s ta n t  in fu s io n  pump.
The b ack , to p ,  and s id e  p a n e ls  have b een  removed to  show th e  d r iv e  
m echanism.
A P le x ig la s s  cover i s  p la c e d  on to p  so t h a t  th e  d i r e c t io n  and r a t e  
o f  r o t a t i o n  o f  th e  worm g e a r d r iv e  n u ts  may be n o te d .
The to p  Jack  s h a f t  p ro tru d in g  to  th e  r i g h t  o f  th e  machine i s  to  
re v e rs e  th e  d r iv e  screw s so t h a t  one sy rin g e  d r iv e s  w h ile  th e  
o th e r  i s  r e t r a c t e d .
The low er Jack  s h a f t  i s  f o r  speed change. U sing  th e  p ro p e r d iam e te r 
50 m l s y r in g e s , 2 . 0 , 0 . 5 , and 1 .0  m l/m in  in fu s io n  r a t e s  a re  
o b ta in a b le .  A tu rn s  co u n te r  i s  g ea red  to  th e n  re a d  i n  p l /m in .
A th ree -w ay  s to p -c o ck  i s  p la c e d  on each  s y r in g e , and by means o f  two 
Y -tu b e s , th e  pump i s  connec ted  to  a r e s e r v o i r  o f  in fu s io n  s o lu t io n  
and to  th e  in fu s io n  n eed le  in s e r te d  in to  th e  an im a l.
The r e v e r s in g  p rocedu re  ( r e q u i r in g  3-10  seconds) i s  as  fo llo w s :
(a )  The s to p -c o ck  on th e  f u l l  sy r in g e  i s  tu rn e d  from th e  r e s e r v o i r  
to  th e  an im al w ith  th e  r i g h t  hand .
(b ) The pump i s  re v e rse d  (by pu sh in g  th e  J a c k -s h a f t  i n  o r  o u t ) ,  
u s in g  th e  l e f t  hand.
(c )  The s to p -c o ck  on th e  now a lm o st empty sy rin g e  i s  tu rn e d  from  
th e  an im al to  th e  r e s e r v o i r  so t h a t  th e  sy r in g e  may be 
r e f i l l e d .  (A g ra v i ty  fe e d  i s  u sed  f o r  t h i s . )
A m ic ro -sw itc h  lo c a te d  in  th e  box betw een th e  sy rin g e s  ho u sin g  th e  
o n -a n d -o ff  sw itch  p re v e n ts  th e  d r iv e  screw  from  p ush ing  th e  
p lu n g e r th rough  th e  end o f  th e  s y r in g e . The lo c a t io n  o f  t h i s  
s to p  i s  a d ju s ta b le .
The d r iv e  screw s a re  p rev en ted  from  tu rn in g  by a  thumb screw  on th e  
p u sh er b a r .  On r e le a s in g  th e  thumb screw , th e  d r iv e  screw  may be 
advanced o r  r e t r a c t e d  m anually  to  r a p id ly  f i l l  th e  s y r in g e .
S p r in g  lo ad ed  hold-dow n clam ps, h o ld  th e  s y r in g e s  in  p la c e  on V- 
shaped p l a t e s .  These p la t e s  a re  a d ju s ta b le  to  accomnodate 5 -50  
ml s y r in g e s .  The end p l a t e ,  i n  w hich th e  n eed le  clamp o f  th e  
lo c k - t i p  sy r in g e s  i s  clam bed by a thumb screw , may be moved on 
th e  g u ide  ro d e  a l s o ,  in  o rd e r to  acconm odate v a r io u s  s iz e  
s y r in g e s .
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c a lc u la te d  from  e q u a tio n  1* From th e  ex p ec ted  plasm a l e v e l  and r a t e
o f  c le a ra n c e , th e  r a t e  o f  e x c re t io n  and th u s  in fu s io n  may "be c a lc u la te d
from  e q u a tio n  2 .  D iv id in g  e q u a tio n  2 by e q u a tio n  1 , th e  fo llo w in g
r e la t io n s h ip  f o r  su b stan ce  X i s  o b ta in e d :
3 .  C I  
~s f
Thus th e  r a t i o  o f  th e  r a t e  o f  in fu s io n  p e r  m inute to  th e  p rim ing  dose 
i s  e q u a l 'bo t h a t  r a t i o  o f  th e  c le a ra n c e  to  th e  sp ace . In  T ab le  2 a re  
g iv e n  th e  assumed space and c le a ra n c e  v a lu e s , th e  d e s ir e d  plasm a l e v e l s  
and th e  m agnitude o f  p rim ing  doses and in fu s io n  r a t e s  u sed  In  th e se
experim en t s .  ^
The n i t r o g e n  b a s e , c r e a t in in e ,  was n o t t i t r a t e d  w ith  a c id  to  
a  pH o f  7.1+ because  on ly  a  r e l a t i v e l y  i n s ig n i f i c a n t  amount o f  a c id  
waB needed to  n e u t r a l i z e  i t .
A f te r  th e  p rim ing  dose o f  c r e a t in in e ,  an In fu s io n  was s t a r t e d  
Im m ediately  a t  0 .5  m l/m in . A t l e a s t  20 m inu tes  was a llow ed f o r  
a tta in m e n t o f  a  s tead y  s t a t e .  A f te r  two 30-m inute c o n tro l  p e r io d s  
(ex p erim en ts  1+ and 5 ) > a su cro se  p rim er was in je c te d  and a s u s ta in in g  
In fu s io n  o f  su c ro se , c r e a t in in e ,  and Nembutal a t  th e  r a t e  o f  2 m l/m in 
was m a in ta in e d . Two 20-m inute c o l le c t io n s  a f t e r  10-m inute e q u ilib r iu m  
p e r io d s  w ere th e n  made f o r  a su cro se  c o n tr o l ,  l e f t  k idney  a t  60 cm 
u r in e  p re s s u re ,  and reco v ery  p e r io d s .  S im ultaneous c o l le c t io n s  were 
made from th e  c o n tro l  k idney  n o t su b je c te d  to  in c re a se d  p re s s u re .
The h ig h  su cro se  p e r io d s  fo llo w ed  th e  In fu s io n  o f  250 ml o f  25 p e r c e n t
The above r e la t io n s h ip s  which s im p lify  and make r e n a l  c le a ra n c e  
s tu d ie s  more p re d ic ta b le  were p o in te d  o u t by D r. L . A. S a p i r s te in .
T able  2 .  P rim ing  doses and in fu s io n  r a t e s  used."*-
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) 6 S ubstance  Pe q Space^ C learance5  Prime In fu s io n  i / P
_____________ (ugm/ml) (m l/kg) (m l/m in-kg) (m l/kg) (m g/mln-kg) (fl)
C re a tin in e 230 430 4.3 100 1 .0 1
Sucrose^ 5130 200 4.0 1026 20 .5 2
P.A.H. 18 270 13.5 5 .25 ,5
Inulin-^ 230 190 4.3 4o 1 .0 2.5
lA l l  v a lu e s  a re  In  term s o f  k ilo g ram s body w eig h t and r e f e r  to  
b o th  k id n e y s . The space and c le a ra n c e  v a lu e s  a re  o n ly  app rox im ate .
% h is  c o n c e n tra t io n  o f  su cro se  i s  e q u iv a le n t to  15 mOsm/l 
c o n c e n tra tio n  in  th e  e x t r a c e l lu la r  f l u i d  and th u s  was ex p ec ted  to  
in c re a s e  th e  plasm a osm otic p re s su re  abou t 5 p e r  c e n t .
•3
I n u l in  was n o t u sed , b u t  th e  d a ta  a re  in c lu d e d  fo r  com parison .
1).
S ucrose  and in u l in  were expec ted  to  occupy th e  e x t r a c e l lu l a r  
f l u i d  volume o f  1 9 .5  p e r c e n t o f  body w eigh t (H. W. Sm ith , The K idney. 
New Y ork: Oxford U n iv e rs ity  P r e s s ,  1951 , P« 296) ,  w h ile  PAH was 
assumed to  occupy about 270 m l/kg  body w eigh t ( I b i d . ,  p .  1 6 8 ). A 
c r e a t in in e  space o f  430 m l/kg  body w eigh t was assumed from th e  d a ta  
o f  L . A . S a p i r s t e in ,  D. G. V id t ,  M. J .  M andel, and G. Hanusek (On th e  
volumes o f  d i s t r i b u t i o n  and c le a ra n c e s  o f  in tra v e n o u s ly  in je c te d  
c r e a t in in e  in  th e  dog, Am. J .  P h y s io l . . In  P r e s s . 1955), and J .  
G reenberg , I .  L . S chw artz , M. S p in n e r, L . S i l v e r ,  and N. S t a r r ,  
A pparen t volum es o f  d i s t r i b u t io n  o f  p -am inoh ippura te  and c r e a t in in e  
in  th e  dog, Am. J .  P h y s io l . 168 : 86- 92 , 1952.
^The c r e a t in in e  and in u l in  c le a ra n c e s  were assumed to  be 4 .3  
m l/m in p e r  kg body w eigh t in  th e  dog (S m ith , o p . c i t . ,  p .  539)•
The BAH c le a ra n c e  was assumed to  be 13 .5  ( I b id . . p .  5 3 9 ). A 
c le a ra n c e  o f  4 .0  was assumed f o r  su cro se  ( i b i d . ,  p .  102) .
^ i /P  i s  g iv en  in  o rd e r to  compare th e  r a t e s  u sed  to  th o se  in  
th e  l i t e r a t u r e .  I t  I s  th e  p e r c e n t o f  th e  p rim ing  dose u sed  which 
i s  in fu se d  p e r  m in u te .
-  63 -
su c ro se  (ex p e rim en ts  3 -5 ) • The p re v io u s  c r e a t in in e - s u c ro s e - N e in b u ta l  
In fu s io n  was m a in ta in ed  d u rin g  and a f t e r  t h i s  in f u s io n .
The p re s su re  was In c re a se d  to  th e  e x p e r im en ta l k id n ey  hy  r a i s i n g  
th e  t i p  o f  th e  c a th e te r  th e  in d ic a te d  d is ta n c e  (60  cm) above t h e  l e v e l  
o f  th e  k id n e y . Because o f :  ( l )  th e  r e s i s ta n c e  to  flo w  o f  th e  
c a th e te r s ;  ( 2 ) th e  need  to  e s tim a te  th e  p o s i t io n  o f  th e  k id n e y  j  and 
(3 ) th e  p o s s i b i l i t y  t h a t  th e  c a th e te r  was p a r t i a l l y  o cc lu d ed  o r  n o t  
in to  th e  r e n a l  p e lv i s ,  a c c u ra te  d e te rm in a tio n s  o f  th e  p r e s s u r e  e x e r te d  
on th e  k idney  a t  th e  l e v e l  o f  th e  r e n a l  p e lv is  w ere im p o s s ib le ,  b u t  
o f  l i t t l e  consequence to  th e  r e s u l t s  o f  th e se  e x p e r im e n ts , s i n c e  th e  
in c re a s e d  u r e t e r a l  p re s su re  was u sed  as a  to o l  to  d e c re a se  f i l t r a t i o n  
r a t e .  In  a l l  c a s e s , th e  p re s su re  in c re a s e ,  u s in g  th e  m ild  s u c r o s e  
d i u r e t i c ,  caused  th e  u r in e  flo w  and e l e c t r o l y t e  and c r e a t i n i n e  
c le a ra n c e s  to  be red u ced .
The e f f e c t s  o f  u r e t e r a l  p re s su re  w ith o u t th e  u se  o f  s u c r o s e  o r  
o th e r  osm otic  d iu r e t i c  to  o b ta in  an in c re a s e d  u r in e  f lo w , was 
in c o n c lu s iv e  (experim en t 2 ) .  D i f f i c u l t i e s  a re  to  be e x p e c te d  i n  
t h i s  ty p e  o f  experim en t w ith o u t th e  u se  o f  d i u r e t i c s ,  b u t  i t  i s  f a r  
from  c e r t a i n  what th e  e f f e c t s  o f  osm otic  d i u r e t i c s  a re  u n d er 1 
c irc u m sta n c e s . Y et a  la rg e  m a jo r ity  o f  th e  r e n a l  f u n c t io n  s t u d i e s  
have been  made w h ile  under th e  in f lu e n c e  o f  a d i u r e t i c  o f  some s o r t .  
U rin e  Samples
The u r in e  was c o l le c te d  In  g rad u a ted  c y l in d e r s  o f  a c a p a c i t y  
l e s s  th a n  th re e  tim es t h a t  o f  th e  ex p ec ted  f lo w . The p o s i t i o n  o f  th e  
g ra d u a te  was a d ju s te d  so t h a t  d rops o f  u r in e  f e l l  in to  th e  u r i n e  a t  
th e  bo ttom  o f  th e  g ra d u a te , th u s  m in im izing  e v a p o ra tio n  and c a r b o n
-  6k  -
d io x id e  l o s s .  The volume was n o ted  and th e  c o n te n ts  w ere poured  
in to  a  50 xnl v o lu m e tric  f l a s k  (100  m l i n  a  few c a se s  d u rin g  r a p id  
d i u r e s i s ) .  The g ra d u a te  was r in s e d  a t  l e a s t  tw ice  w ith  d i s t i l l e d  
w a te r  and th e  c o n te n ts  poured  in to  th e  f l a s k .  The u r in e  was d i lu te d  
to  th e  mark and m ixed . A f te r  pH d e te rm in a tio n s  were made, r e q u ir in g  
ab o u t 3 m l) one d rop  o f  c o n c e n tra te d  h y d ro c h lo r ic  a c id  was added to  
th e  c o n te n ts  o f  th e  f l a s k  in  o rd e r  to  p re v e n t p r e c ip i t a t i o n  o f  
ca lc iu m  and magnesium p h o sp h a te s . T h is  a c id  gave th e  u r in e  a pH o f  
a b o u t 5 .5 - 6 .5 .  To d e te r  b a c t e r i a l  grow th and to  m inim ize su cro se  
in v e r s io n  and o th e r  chem ical r e a c t io n s ,  th e  d i lu te d  (V :50) u r in e s  
w ere r e f r i g e r a t e d .
P lasm a Sam ples and P r o te in  P r e c ip i t a t i o n
B lood sam ples were ta k e n  from a fem o ra l a r t e r y  u s in g  a  Coum and 
n e e d le .  H eparin  was u sed  to  d e la y  c l o t t i n g .  The sam ples were 
c e n tr i fu g e d  im m ediately  to  m inim ize p o tassium  and magnesium d i f f u s io n  
from  th e  e ry th ro c y te s  in to  th e  p lasm a. A t th e  end o f  th e  ex p erim en t, 
th e  plasm a was p ip e t te d  from  th e  c e n tr ifu g e d  sam ples and 1:10  
t r i c h l o r a c e t i c  a c id  f i l t r a t e s  were made. TCA was u sed  b ecause  o f  
th e  convenience and d e c rea se d  source  o f  e r r o r  o ccas io n ed  by u s in g  
th e  same p r o te in  p r e c ip i t a t i n g  ag en t and same f i l t r a t e s  f o r  a l l  o f  
th e  subsequen t d e te rm in a tio n s . F u rth erm o re , th e  low pH a ssu re d  
com plete rem oval o f  any p ro te in -b o u n d  magnesium o r  c a lc iu m . W ater 
was p la c e d  in  50 m l Fyrex  c e n tr i fu g e  tu b e s ,  u s in g  fo u r  f i l l i n g s  from 
a 5 ml sy rin g e  a d ju s te d  to  d e l iv e r  4 .5 0  m l. These s y r in g e s  were 
f i t t e d  w ith  a d ju s ta b le  s to p s  to  d e l iv e r  a  volume w ith  a  r e p r o d u c ib i l i ty  
e r r o r  o f  l e s s  th a n  1 p e r  c e n t .  A f te r  r i n s in g  a  sy r in g e  a d ju s te d  to
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d e l iv e r  1 .0  m l th r e e  to  f iv e  tim es w ith  0 .1  to  0 .2  ml a l iq u o ts  o f  
th e  plasm a b e in g  u sed , fo u r  f i l l i n g s  o f  1 ml each were p la c e d  w ith  
th e  w a te r  and th e  s o lu t io n  was m ixed. Thor fo u r  f i l l i n g s  o f  8  p e r  
c e n t  (* /v )  t r i c h l o r a c e t i c  a c id  were added w ith  m ixing  by means o f  
s w ir l in g  th e  c o n te n ts  in  th e  tu b e . Thus a  f i n a l  TCA c o n c e n tra tio n  
o f  3*6 was o b ta in e d  in  th e  f i l t r a t e .  The c e n tr i fu g e  tu b e s  were 
im m ediately  s e a le d  w ith  P a ra f ilm , mixed by in v e rs io n  a t  l e a s t  s ix  
tim es  w ith  sh ak in g , and a llow ed to  s tan d  over n ig h t .  The n e x t day 
th e y  w ere c e n tr i fu g e d , th e reb y  g iv in g  th e  1:10  " f i l t r a t e s . ”
S y rin g es  w ere used  because  o f :  ( l )  th e  h ig h  r e p r o d u c ib i l i ty ;
(2 ) th e  p o s s i b i l i t y  o f  o b ta in in g  a c c u ra te  f r a c t i o n a l  m easurem ents;
( 3 ) th e  r a p id i ty  o f  u se  whereby a re a g e n t can be a c c u ra te ly  p laced  
in to  a  s e r ie s  o f  tu b e s ;  and (4 ) th e  accuracy  p o s s ib le  when h a n d lin g  
sm all volumes o f  v isc o u s  m a te r ia ls  such a s  p lasm a. Ho d ra in ag e  
problem s a re  p r e s e n t ,  s in c e  th e re  i s  p o s i t iv e  d isp la ce m e n t. 
P o ly e th y le n e  d e liv e ry  tu b es  w ith  an  in s id e  d iam e te r o f  abou t 0 .02  
in ch  were wedged in to  th e  d e liv e ry  t i p  o f  th e  1 ml s y r in g e , t e s t e d  
f o r  le a k a g e , and b e n t in to  a  U -shape so t h a t  th e  sy rin g e  co u ld  be 
used  t i p  u p . The tu b in g  was h e ld  in  p la c e  by a p ie c e  o f  s o f t  copper 
w ire .  The t i p  up p o s i t io n  p e rm itte d  th e  easy  e x p u ls io n  o f  a i r  
b u b b le s . By u se  o f  t h i s  g la s s  and p o ly e th y len e  system , co n tam in a tio n  
was m in im ized . L a rg e r b o re  tu b in g  was s t r e tc h e d  to  f i t  over th e  t i p  
o f  th e  5 ml s y r in g e . T h is  5 ml sy rin g e  was u sed  on ly  w ith  d i s t i l l e d  
w a te r o r  10 p e r  c e n t t r i c h lo r a c e t i c  a c id  s o lu t io n .
Ho c o r r e c t io n  was made f o r  th e  lo s s  o f  plasm a p r o te in  volume in  
th e  f i l t r a t e .  W ith p lasm as o f  6 p e r  c e n t p r o te in  c o n te n t ,  assum ing a
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s p e c i f ic  volume o f  th e  p r o te in  o f  1 , th e  c o r r e c t io n  would h e :
1 -  (0 .0 6  x  1 /1 0 )=  O.99U 
Plasm a C a tio n  D e te rm in a tio n
Plasm a c a t io n s  were determ ined  w ith  a  Beckman DQ flam e s p e c tro ­
photom eter w ith  p h o to m u ltip lie r  a tta c h m e n t. S y n th e tic  s ta n d a rd s  
made up i n  a  3 .6  p e r  c e n t TCA s o lu t io n  w ith  o n e - te n th  o f  th e  ex p ec ted  
c a t io n  c o n c e n tra tio n  were t r e a te d  in  th e  same manner a s  th e  1 :1 0  TCA 
plasm a f i l t r a t e s .  A more com plete d e s c r ip t io n  o f  th e  in s tru m e n ta l  
p ro ced u res  and te ch n iq u es  used  may he found in  Appendix A.
U rin a ry  C a tio n  D e te rm in a tio n
These were lik e w ise  de term ined  flam e s p e c tro p h o to m e tr ic a lly , 
u s in g  c a l i b r a t i o n  cu rv es  (Appendix A) in s te a d  o f  s y n th e t ic  s ta n d a rd s . 
More a c c u ra te  r e s u l t s  o f  s im ila r  r e p r o d u c ib i l i ty  would he o b ta in e d  i f  
s y n th e t ic  s tan d a rd s  were compounded f o r  each  u r in e  sample f o r  th e  
magnesium d e te rm in a tio n , and i f  th e  s e l f - s ta n d a r d iz a t io n  m ethod, 
d e sc r ib e d  in  Appendix A, were u sed  f o r  ca lc iu m . However, com parative  
r e s u l t s  ( r a t i o s )  were needed f o r  t h i s  s tudy  and w ith  th e  i n t e r n a l  
c o n tro ls  o b ta in e d  by u s in g  th e  te ch n iq u es  d e sc r ib e d , adequate  accu racy  
was o b ta in e d . The e f f e c t s  o f  osm otic  d i u r e t i c s  and o f  in c re a s e d  
u r e t e r a l  p re s su re  were compared to  c o n tro l  p e r io d s  o f  th e  same k idney  
o r  to  a  c o n tr o l  k idney  t r e a te d  id e n t i c a l l y  e x cep t f o r  changes o f  
u r e t e r a l  p r e s s u r e .  As may be seen  from th e  r e s u l t s  p re s e n te d , th e  
r a t i o  o f  calc ium  to  sodium ( th e  m ajor source o f  s y s te m a tic a l ly  h ig h  
flam e photom eter re a d in g s )  i s  n e a r ly  c o n s ta n t .  As w i l l  be shown i n  
A ppendix A , th e  change in  e x c re t io n  o f  th e se  two c a t io n s  g iv in g  
d i f f e r e n t  d i l u t i o n  r a t i o s  w i l l  n o t  change th e  p e r c e n t enhancem ent
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"by sodium . T hus, a lth o u g h  sodium may cau se  a 20 p e r  c e n t  enhancem ent, 
t h i s  enhancem ent v l l l  he  w ith in  a  few  p e r  c e n t  o f  th e  same f o r  a l l  
th e  d e te rm in a tio n s  o f  th e  ex perim en t and th u s  th e  r a t i o s  de te rm in ed  
w i l l  he a c c u ra te  and th e  ca lc iu m  c le a ra n c e  v a lu e s  com parable •
P hosphate  D e te rm in a tio n
Phosphate  was de term in ed  UBlng th e  m ethod o f  Bereriblum and 
1+
C h ain . T h is  m ethod i s  h ased  on th e  fo rm a tio n  o f  a  phospho-m olyhdate 
oomplex i n  a  I N  s u l f u r i c  a c id  medium w ith  an  e x c e ss  o f  ammonium 
m olybdate p r e s e n t .  T h is  complex was th e n  e x t r a c te d  w ith  is o b u ty l  
a lc o h o l .  B ecause o f  i t s  h ig h  s o l u b i l i t y  i n  o rg a n ic  s o lv e n ts ,  i t  i s  
e f f e c t i v e ly  s e p a ra te d  from  th e  ex ce ss  ammonium m olybdate and from  
m ost i n t e r f e r e n t s .  A f te r  w ashing w ith  1 N s u l f u r i c  a c id  ( i n  th e s e  
ex p e rim en ts , o n ly  one wash was u sed  in s te a d  o f  two a s  recommended by 
Bereriblum and C h a in ) , an  ex cess  o f  d i l u t e  s tan n o u s c h lo r id e  In  1  N 
s u l f u r i c  a c id  was added and th e  c o n te n ts  v ig o ro u s ly  shaken . A f te r  
d is c a rd in g  th e  aqueous l a y e r ,  th e  is o b u ty l  a lc o h o l  f r a c t i o n ,  now 
b lu e  in  c o lo r ,  was poured  in to  10 ml v o lu m e tr ic  f l a s k s  (w ith  g la s s  
s to p p e r s ) ,  and th e  30 m l s e p a ra to ry  fu n n e ls  r in s e d  w ith  e th y l  
a lc o h o l ,  and th e  w ashings p la ce d  i n  th e  v o lu m e tr ic  f l a s k s  a l s o .
IflJhe s o lu t io n  was th e n  d i lu te d  to  th e  mark w ith  e th y l  a lc o h o l .
The c o lo r  was re a d  i n  a  Beckman DU sp ec tro p h o to m ete r a t  720 mu 
a f t e r  a llo w in g  th e  sam ples to  s ta n d  f o r  k^ > m in u te s . T h is  m ethod was 
u sed  r a th e r  th a n  th e  more common phosphate  d e te rm in a tio n s  b a sed  on 
th e  fo rm a tio n  o f  th e  molybdenum b lu e  complex becau se  o f  i t s  much
^ I .  Bereriblum and E . C hain , I I .  An im proved method f o r  th e  
c o lo r im e tr ic  d e te rm in a tio n  o f  p h o sp h a te , Blochem. J .  3 2 :295-98  (1 9 3 8 ).
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low er s e n s i t i v i t y  to  Im proper a c id ,  m o ly b d a te , o r  re d u c in g  ag en t 
c o n c e n tr a t io n s .  The e x t r a c t io n  p ro ced u re  a ls o  re d u c es  th e  s e n s i t i v i t y
to  i n t e r f e r e n t s  such  a s  n i t r i t e ,  c i t r a t e ,  o x a la te ,  and f l u o r id e s .
5 £>Bereriblum and C h a in  and Woods and M ellon0 rev iew  th e  l i t e r a t u r e
and p re s e n t  d a ta  re g a rd in g  th e  so u rces  o f  e r r o r  o f  th e  molybdenum
b lu e  m ethod. The c o lo r im e tr ic  d e te rm in a tio n  o f  a  y e llo w  m olybdivan-
adophosphoric  a c id  complex a s  d e sc r ib e d  by K its o n  and M ellon^ i s
s a id  to  g iv e  b o th  h ig h ly  a c c u ra te  a s  w e l l  as  h ig h ly  re p ro d u c ib le
8r e s u l t s  f o r  serum phosphate  d e te rm in a tio n s . The s e n s i t i v i t y  o f  
th e  Bereriblum and C hain  m ethod, b ecause  o f  th e  u se  o f  s tannous 
c h lo r id e  os a  re d u c in g  a g e n t, i s  v e ry  h ig h .  One m icrogram  o f  phosphate  
i n  th e  sample (o r  i n  r e a g e n ts  o r  from  th e  g la ssw are ) g iv e s  an  o p t i c a l  
d e n s i ty  re a d in g  o f  0 .060  above th e  re a g e n t b la n k . Two m l o f  th e  1 :10  
TCA f i l t r a t e s  o f  p lasm a, o f  a  0 .1  mM/l p o tass iu m  phosphate  s ta n d a rd , 
o r  o f  u r in e  d i lu te d  to  g iv e  phosphate  c o n c e n tra t io n s  o f  0 -0 .5  mM/l 
and i n  a  3*6 p e r  c e n t  TCA medium were u se d .
5
I .  Bereriblum and E . C hain , I .  S tu d ie s  on th e  c o lo r im e tr ic  
d e te rm in a tio n  o f  p h o sp h a te , Biochem. J .  32 :286-9^  (1938)•
% .  T . Woods and W. G. M ellon , The molybdenum b lu e  r e a c t io n ,
In d .  Eng.  Chem. , A n a l.  Ed.  1 3 :780- 6h (1 9 ^ 1 ) .
Tr .  E . K itso n  and M. G. M ellon , C o lo r im e tr ic  d e te rm in a tio n  o f  
phosphorous a s  m olybdivanadophosphoric  a c id ,  In d . Eng. Chem. . A n a l.
E d . 16:379-83 ( 1 9 ^ ) .
®D. G. Sim onaen, M. W ertman, L . M. W estover, and J .  W. M ehl,
The d e te rm in a tio n  o f  serum phosphate  by th e  m olybdivanad te  m ethod,
J .  B io l .  Chem. 166:7^7-55 (1 9 ^ 6 )•
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C re a tin in e  and G lom erular F i l t r a t i o n  R ate
A m ajor problem  In  th e  s tu d y  o f  th e  r e n a l  fu n c tio n  I s  to  a s c e r ta in  
th e  r a t e  o f  fo rm a tio n  o f  th e  g lo m eru la r f i l t r a t e  and to  e s tim a te  i t s  
co m p o sitio n . I f  th e  ’volume and com position  o f  th e  f i l t r a t e  a re  
a c c u ra te ly  knovn and i f  th e  volume and c o n c e n tra tio n  o f  th e  u r in e  
in  th e  b la d d e r  a re  a c c u ra te ly  knovn, th e n  th e  tu b u la r  a c t io n  can  be 
a s s e s s e d . I f  Vp i s  th e  volume o f  f i l t r a t e  w hich e n te r s , th e  tu b u le s  
p e r  m in u te , assum ing t h a t  th e  k idney  a c ts  a s  one nephron , and i f  
th e re  i s  no re a b s o rp t io n  o r subsequen t e x c re t io n  o f  a  substance  such 
a s  c r e a t in in e  (or i n u l i n ) , th e n :
k .  (U rin e) VCrVv  =  ( F i l t r a t e )  FCrVF Where: UQr =  U rin a ry
and
c o n c e n tra tio n  
o f  c r e a t in in e
FC r =- F i l t r a t e
5 .  V — uCrVu c o n c e n tra tio n
F FCr o f  c r e a t in in e
TU — U rin e  volum e/
m inute 
Vj, = F i l t r a t e
volume /m inu te
The form  o f  t h i s  e q u a tio n  i s  v e ry  s im ila r  to  th e  f a m i l ia r  c le a ra n c e  
e q u a tio n s  w hich a re  w r i t t e n  a s :
6 .  cx  = M »
x px
I f  one d e te rm in es  th e  u r in a ry  c o n c e n tra tio n  o f  c r e a t in in e  (UC r) ,  th e  
r a t e  o f  u r in e  flo w  (V-y) and th e  r e la t io n s h ip  betw een th e  f i l t r a t e  
c r e a t in in e  c o n c e n tra t io n  and th e  plasm a c r e a t in in e  c o n c e n tra tio n , th e n  
th e  r e l a t io n s h ip  betw een th e  c r e a t in in e  c le a ra n c e  and th e  volume o f  
u l t r a f i l t r a t e  form ed p e r  m inute in  th e  k idney  can  be d e te rm in ed , 
assum ing no lo s s  o f  g a in  o f  c r e a t in in e  in  th e  r e n a l  tu b u le s .
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The c o n c e n tra tio n  o f  c r e a t in in e  in  th e  f i l t r a t e ,  F , w i l l  heC r '
g r e a te r  th a n  t h a t  in  th e  p lasm a, P^r , i f  a l l  th e  plasm a volume i s  n o t 
f i l t e r e d .  S ince  p r o te in  makes up an a p p re c ia b le  volume o f  th e  p lasm a, 
th e n  th e  c o n c e n tra tio n  o f  c r e a t in in e  in  th e  f i l t r a t e  w i l l  e q u a l th e  
plasm a c o n c e n tra tio n  d iv id e d  by th e  f r a c t i o n  o f  th e  plasm a w hich i s  
f i l t e r a b l e  a t  th e  g lo m eru lu s , i . e . ,  th e  plasm a wfeter f r a c t i o n ,  w. 
Assuming t h a t  th e  s p e c i f ic  volume o f  th e  plasm a p ro te in s  i s  1 , th e n :
w c: l  -  Plasm a P r o te in  C o n c e n tra tio n  m .
100
The c o n c e n tra tio n  o f  c r e a t in in e  in  th e  f i l t r a t e  w i l l  be l e s s  th a n  
th e  plasm a c r e a t in in e  i f  some i s  bound to  p r o te in .  T h is  f i l t e r a b l e  
f r a c t i o n ,  unbound to  p r o te in ,  may be d e s ig n a te d  a s  f .  l ik e w is e ,  i t  
w i l l  a ls o  be sm a lle r  i f  some i s  h e ld  back  by th e  p ro te in  due to  th e  
Gibbs-Donnan phenomena i f  th e  f i l t e r e d  p a r t i c l e s  a re  p o s i t iv e ly  
c h arg ed . T h is  f i l t e r a b l e  f r a c t i o n  may be d e s ig n a te d  a s  k .  Thus th e  
c o n c e n tra tio n  o f  c r e a t in in e  in  th e  f i l t r a t e  e q u a ls  th e  plasm a 
c r e a t in in e  c o n c e n tra tio n  tim es th e se  v a r io u s  c o r r e c t io n  f a c t o r s ,  o r :
7* F0r  = PC r l T
and th u s  e q u a tio n  5 may be w r i t t e n  a s :
8 .  VF t  UCrVU _ u CrVU v
p Per f t
C»w
F o r in u l in ,  f  and k  a re  assumed to  be o n e . Kennedy e t  a l . ^  have 
found , u s in g  a  more com plete e x t r a c t io n  o f  c r e a t in i n e  from  th e  plasm a 
p r o te in s  by means o f  t r i c h l o r a c e t i c  a c id  f i l t r a t e s ,  t h a t  th e  f i l t e r a b l e
o
T . J .  Kennedy, J r . ,  J .  G. H il to n , and R . W. B e r l in e r ,  Comparison 
o f  in u l in  and c r e a t in in e  c le a ra n c e  i n  th e  norm al dog, Am. J .  P h y s io l .  
171:16^-168 (1952).
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f r a c t i o n  (k f )  f o r  c r e a t in in e  i s  abou t By com paring th e  c r e a t in in e
and in u l in  c le a ra n c e s  s im u ltan eo u sly  and w ith o u t m aking any k  o r  f  
c o r r e c t io n s ,  Kennedy e t  a l . ^  found t h a t  th e  c r e a t in in e / in u l in .  c le a ra n c e  
r a t i o  was 0 .939  *  0 .0 5 2 . T h is  d if f e r e n c e  was accoun ted  f o r  by t h e i r  
f in d in g  t h a t  th e  unbound c r e a t in in e  f r a c t i o n  a s  d e te rm in ed  by u l t r a ­
c e n t r i f u g a t io n  ( f )  was «9^ £  0 .0 1 1 . They a ls o  found t h a t  th e  unbound 
c r e a t in in e  f r a c t i o n  as  de term ined  by e q u ilib r iu m  d i a l y s i s  (f* k )  was
0 .9 ^ 1  ± 0 . 02 6 .10
S in ce  th e  plasm a p ro te in  c o n c e n tra tio n  i s  u s u a l ly  o f  th e  o rd e r  
o f  6 p e r  c e n t ,  assum ing t h a t  k  f o r  c r e a t in in e  i s  1 , and u s in g  th e  
v a lu e  o f  unbound c r e a t in in e  found by Kennedy e t  a l .  o f  .9 ^ , i t  i s  
seen  t h a t  th e  w /k f f a c to r  i s  n e a r ly  one , and so u n le s s  extrem e c a re  
in  a n a ly s i s ,  c o l le c t io n ,  and ex p e rim en ta l d e s ig n  w a rra n t th e  added 
acc u ra cy , f i l t r a t i o n  r a t e s  in  th e  dog may be assumed to  b e :
9. vp i £s?2
u s in g  no c o r r e c t io n  f o r  plasm a w a te r , f i l t e r a b l e  f r a c t i o n ,  o r  Donnan 
f a c to r  and u s in g  a t r i c h l o r a c e t i c  a c id  f i l t r a t e .
In  th e  d e te rm in a tio n s  which were made f o r  t h i s  s tu d y , th e  u r in e  
was d i lu te d  to  such an e x te n t  a s  to  g iv e  s im i la r  u r in e  and plasm a 
c o n c e n tra t io n s ,  s in c e  Eonsnes and Taussky11 have shown t h a t  th e  
r e a c t io n  w ith  th e  a lk a l in e  p ic r a te  re a g e n t does n o t  fo llo w  th e
Because c r e a t in in e  in  aqueous s o lu t io n  has a  pH o f  abou t 8 .5  
and b ecause  i t  i s  a  n i tro g e n  b a se , th e  d if f e r e n c e  betw een  th e  v a lu e s  
found f o r  unbound c r e a t in in e  by th e  two m ethods m igh t be a t t r i b u t a b l e  
to  a  sm all Donnan e f f e c t .  The v a r i a b i l i t y  was su ch , how ever, t h a t  
th e  d i f f e r e n c e s  were in s ig n i f i c a n t  s t a t i s t i c a l l y .
11R . W. Bonsnes and H. H. T aussky , On th e  c o lo r im e tr ic  d e te rm in ­
a t io n  o f  c r e a t in in e  by th e  J a f f e  r e a c t io n ,  J .  B io l . Chem. 158 : 581-91  
(1 9 ^ 5 ) .
Beer-Lem berg r e l a t io n s h ip  e x a c t ly .  The d i lu te d  u r in e  was th e n  t r e a t e d  
in  th e  same way a s  th e  plasm a to  g iv e  1 :1 0  TCA " f i l t r a t e s ” w ith  a 
3*6 p e r  c e n t  f i n a l  TCA c o n c e n tra t io n .  By add in g  th e  a lk a l in e  p ic r a t e  
r e a g e n t  to  th e  a p p ro p r ia te  plasm a sample and th e  u r in e  sam ples from  
each  o f  th e  k id n ey s as a  group d u rin g  a n a ly s i s ,  in s tru m e n ta l  and 
re a g e n t  v a r i a t i o n  was m in im ized . The a p p ro p r ia te  d i l u t i o n  o f  th e s e  
u r in e s  was made by assum ing a  c r e a t in in e  c le a ra n c e  o f  2 m l/m in -kg .
Thus th e  volume o f  u r in e  from  each  k id n ey  f o r  a c o l l e c t io n  p e r io d  was 
d i lu t e d  to  an  e q u iv a le n t  volume o f  2 m l p e r  kg  body w eig h t p e r  m inute 
o f  c o l l e c t i o n .  The c r e a t in in e  c le a ra n c e  was th e n  c a lc u la te d  by th e  
fo rm u la :
JO. c -  °«D»U d i l u t i o n  volume________
Cr O .D .p d u ra t io n  o f  c o l l e c t io n
w here O.D. r e p r e s e n ts  th e  o p t i c a l  d e n s i ty  re a d in g s  from  th e  s p e c tro ­
pho tom eter o f  th e  u r in e  and plasma, sam ples, r e s p e c t iv e ly .  T h is  
e q u a tio n  g iv e s  r e s u l t s  i d e n t i c a l  to  th e  f a m i l ia r  c le a ra n c e  e q u a tio n  
UV/P.
B ecause t r i c h l o r a c e t i c  a c id  f i l t r a t e s  w ere d e s i r a b le  f o r  th e  
sub seq u en t c a t io n  a n a ly s i s ,  i t  was d e s i r a b le  to  use  s im i la r  f i l t r a t e s  
f o r  th e  c r e a t in in e  d e te rm in a tio n s . From th e  work o f  Kennedy e t  a l . 
c i t e d  a b o v e , 9 i t  was f e l t  t h a t  p ro ced u res  s im ila r  to  t h e i r s  shou ld  be 
u s e d . However, f o r  th e  magnesium d e te rm in a tio n , 1 :15  t r i c h l o r a c e t i c  
a c id  f i l t r a t e s  would be too  d i l u t e  and so m odify ing  t h e i r  p ro c e d u re s , 
i n  r e l a t i o n  to  ex p erim en ts  conducted  by Bonsnes and T a u s s k y ,^  th e  
fo llo w in g  p ro ced u re  was used :
The R ea g e n t: A lk a lin e  P ic r a te
6 volumes o f  0 .04  M p i c r i c  a c id
1  volume o f  10 p e r  c e n t (w /v) eodium hydrox ide
3 volumes v a t e r .
T h is  was made up f r e s h  f o r  each  s e r i e s  o f  d e te rm in a tio n s . The 
c o n c e n tra tio n s  a re  n o t  c r i t i c a l ,  h u t  i t  i s  e s s e n t i a l  t h a t  th e  same 
h a tc h  he u sed  f o r  th e  c r e a t in in e  d e te rm in a tio n s  o f  an ex p erim en t. 
P ro ce d u re :
1 .  One volume (2 .5  ml) o f  1 :1 0  t r i c h l o r a c e t i c  a c id  f i l t r a t e  o f  
plasm a o r  p ro p e r ly  d i lu te d  u r in e ;
2 .  Two volumes (5  ml) o f  a lk a l in e  p ic r a t e  s o lu t io n  were added;
3* The s o lu t io n  was mixed and a llow ed  to  s tan d  30 to  1*5
m in u te s ; and
If. The o p t i c a l  d e n s i t i e s  were re a d  a t  520 m il l im ic ro n s .
A sy rin g e  a d ju s te d  to  2 .5 0  ml was u se d . The re a g e n t h lan k  
c o r r e c t io n  was made hy u s in g  w a ter in s te a d  o f  th e  t r i c h l o r a c e t i c  
a c id  f i l t r a t e .  Compared to  w a ter i n  1 cm c u v e t te ,  t h i s  h la n k  gave 
o p t i c a l  d e n s i ty  re a d in g s  o f  ahout .0 5 0 . A more a c c u ra te  h u t on ly  
s l i g h t l y  d i f f e r e n t  h la n k  was o b ta in e d  in  some in s ta n c e s  hy u s in g  a 
1 :1 0  TCA f i l t r a t e  u s in g  d i s t i l l e d  w a te r in s te a d  o f  plasm a o r u r in e .  
The r a t e s  o f  r e a c t io n  o f  t h i s  p rocedure  may he seen  in  F ig u re  2 , 
curve P2 f o r  norm al p lasm a. The r e a c t io n  i s  such as to  g iv e  an 
o p t i c a l  d e n s ity  re a d in g  o f  ahou t 0 .021  p e r  mg o f  c r e a t in in e  p e r  100 
m l o f  p lasm a.
An In s p e c tio n  o f  cu rves P^ and P5 in  F ig u re  2 shows t h a t  su cro se  
p re s e n t  In  th e  plasm a causes an  In te r f e re n c e  w ith  th e  c r e a t in in e  
d e te rm in a tio n . C urves Pg, P^ , and Pg a re  plasm a sam ples ta k e n  a t  
v a r io u s  tim es d u rin g  th e  experim ent and th u s  have s l i g h t l y  d i f f e r e n t
2.4
P»
2.0
1.4 P9
«-j
•  N O N E1.0 -
P*
180
T I M E  (M IN U TE S)
F ig u re  2 .  R ate  o f  a lk a l in e  p ic r a te - c r e a t ln in e  r e a c t io n  a s  
in f lu e n c e d  "by su c ro se .
Plasm a sam ples Pg , Pg, and Pg v e re  ta k e n  a t  v a r io u s  tim es  
d u rin g  an experim ent and th u s  c o n ta in ed  v a ry in g  amounts 
o f  c r e a t in in e .  They a ls o  c o n ta in e d  app rox im ate ly  th e  
in d ic a te d  amounts o f  su cro se  ( i n  grams p e r  100 ml o f  
p la sm a).
O p tic a l  d e n s ity  re a d in g s  were o b ta in e d  u s in g  1  cm c u v e t te s .
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c r e a t in in e  c o n c e n tr a t io n s .  T h is  su cro se  in te r f e r e n c e  would he 
s e r io u s  ex ce p t f o r  th e  f a c t  t h a t  h o th  c r e a t in in e  and su cro se  a re  
g lo m eru la r ly  c le a re d  w ith  l i t t l e  o r  no re a h s o rp t io n  and tu b u la r  
s e c r e t io n .  S in ce  th e  su cro se  to  c r e a t in in e  r a t i o  i s  c lo s e ly  s im i la r  
in  h o th  th e  plasm a and th e  u r in e ,  s in c e  th e  u r in e  i s  d i lu te d  to  g iv e  
c lo s e ly  s im ila r  c r e a t in in e  c o n c e n tra t io n s ,  s in c e  th e  c le a ra n c e  i s  
c a lc u la te d  from  th e  r a t i o  o f  u r in e  to  plasm a c o n c e n tra t io n s ,  and 
s in c e  th e  plasm a and u r in e  c o lo r im e tr ic  re a d in g s  w ere made w ith in  a 
few seconds o f  each  o th e r ,  a c c u ra te  c le a ra n c e  v a lu e s  were p ro h ah ly  
o b ta in e d .
The a b so lu te  c o n c e n tra tio n s  o f  plasm a and u r in e  c r e a t in in e  a re
u n c e r ta in ,  how ever, s in c e  su cro se  ap p ea rs  to  he co n v erted  in to  a
su b stan ce  g iv in g  th e  c o lo r  r e a c t io n  when in  th e  p re sen ce  o f  th e
12a lk a l in e  p ic r a te  r e a g e n t .  S n e l l  and S n e l l  in  t h e i r  com prehensive 
t r e a t i s e  on c o lo r im e tr ic  r e a c t io n s  su g g es t t h a t  th e  r e a c t io n  he 
c a r r i e d  o u t a t  0° C. to  e lim in a te  in te r f e r e n c e  from  s u g a rs . O p tic a l  
d e n s i ty  re a d in g s  made a t  90 to  120 m inu tes  and th e n  e x tr a p o la te d  to  
zero  tim e a re  a ls o  su g g e s te d . I t  w i l l  he  n o te d  from  F ig u re  2 t h a t  
th e  plasm a c o n ta in in g  ahou t 0 .5  p e r  c e n t su cro se  g iv e s  a c o n s ta n t  
o p t i c a l  d e n s i ty  re a d in g  from  15 to  90 m in u te s . I t  th u s  m ight he 
f e a s ib le  to  employ t h i s  v a lu e  in s te a d  o f  a 90 to  120 m inu te  e x tra p o ­
l a t i o n  v a lu e .  A knowledge o f  th e  n a tu re  o f  th e  c o n v e rs io n  o f  
su cro se  in to  compounds w hich g iv e  t h i s  c o lo r  r e a c t io n  would he 
n e c e s sa ry  b e fo re  a v a l id  p ro cedu re  co u ld  he p re s e n te d . The tim e
12F . D. S n e l l  and C. T . S n e l l ,  C o lo r im e tr ic  Methods o f  
A n a ly s is .  Y o l. IV , T h ird  E d i t io n  (New Y ork: D. Van N ostrand  C o ., 
I n c . ,  19 5 3 ), PP. 320-29 .
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f a c to r s  g iv e n  by S n e l l  and S n e l l  a re  p ro b ab ly  d i f f e r e n t  th a n  would be 
found i n  t h i s  p ro ced u re  becau se  o f  th e  ex trem e  dependence on th e  
r a t e  o f  r e a c t io n  on sodium h y d ro x id e  c o n c e n tr a t io n .  Shannon and 
F is h e r -^  su g g es t t h a t  a  s l i g h t  c o lo r  may be o b ta in e d  w ith  g lu co se  a t  
h ig h  g lu co se  c o n c e n tr a t io n s .  They su g g es t t h a t  t h i s  w i l l  be  avo ided  
by m a in ta in in g  th e  c r e a t in in e  c o n c e n tra t io n  i n  plasm a a t  h ig h  l e v e l s ,  
30-1+0 mg/lOO ml p lasm a, and m aking th e  c o lo r im e tr ic  a n a ly s is  10-lU  
m in u tes  a f t e r  ad d in g  th e  a lk a l in e  p i c r a t e .
E r ro r s  i n  c r e a t in in e  c le a ra n c e  d e te rm in a tio n s  may o c c u r , how ever, 
i f ,  a s  in  th e se  s tu d ie s ,  th e  plasm a i s  p la c e d  in to  a  h ig h ly  a c id  
medium and a llow ed  to  s ta n d  a t  room te m p e ra tu re  f o r  an  ex tended  
p e r io d  o f  tim e , w hereas th e  u r in e s  a re  m a in ta in ed  a t  a l e s s  a c id  pH 
and w ere r e f r i g e r a t e d .  I t  was th o u g h t e a r l i e r  t h a t  no s e r io u s  e r r o r  
would r e s u l t  by k eep in g  th e  plasm a f i l t r a t e s  a t  room tem p e ra tu re  i f  
th e y  w ere t i g h t l y  co v e red . However, a t  th e  low pH’ s ,  th e  in v e rs io n  
o f  su c ro se  to  f r u c to s e  and g lu co se  would o ccu r a t  a p p re c ia b le  r a t e s  
and th u s  co u ld  cause d i f f e r e n t  d e g re e s  o f  r e a c t io n  on add ing  th e  
a lk a l in e  p i c r a t e .  T h is  i s  a  p o in t  to  be remembered in  f u tu r e  s tu d ie s .  
3h f a c t ,  b ecause  o f  th e  p o s s i b i l i t y  t h a t  su c ro se  i s  to x ic  to  th e
11l
tu b u le s ,  i t  m igh t be w e ll  to  u se  a  d i f f e r e n t  osm otic  d i u r e t i c  f o r  
sub seq u en t s tu d ie s ,  such  a s  u r e a .  S a l in e  was n o t  u sed  a s  a  d iu r e t i c  
b ecause  o f  th e  m arked e f f e c t  o f  Bodium on subsequen t c a t io n
tm
13J .  A. Shannon and S . F i s h e r ,  The r e n a l  th b u la r  r e a b s o rp t io n  o f  
g lu co se  in  th e  norm al dog , Am. J .  P h y s io l . 122 :765- 71+ ( 1938) .
l k  .
Homer W. S m ith , The Kidney (New Y ork: O xford U n iv e r s i ty  P r e s s ,
1951) ,  p .  102 .
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d e te rm in a tio n s  •
A more com plete e v a lu a tio n  o f  sugar in te r f e r e n c e s  i s  re q u ire d
i f  a c c u ra te  c r e a t in in e  e x c re t io n  r a t e  d e te rm in a tio n s  a re  to  "be made
■when u s in g  su cro se  a s  an osm otic  d i u r e t i c .  E x c re tio n  r a t i o s  and
c le a ra n c e  v a lu e s  a re  more l i k e ly  to  be a c c u ra te , how ever. Any study
i n  which su cro se  o r  o th e r  su g ars  such as  m an n ito l o r  g lu co se  was u sed
and i n  which th e  f i l t r a t i o n  r a t e  i s  dependent on e s tim a te s  o f
c r e a t in in e  c le a ra n c e  th u s  i s  open to  q u e s tio n  u n le s s  p re c a u tio n s  were
12ta k e n . From re a d in g  th e  e v a lu a tio n  o f  S n e l l  and S n e l l ,  i t  becomes 
ap p a ren t t h a t  th e  a lk a l in e  p ic r a te  r e a c t io n  f o r  c r e a t in in e  i s  f a r  
from  f o o l- p ro o f .
•pg and Plasm a P r o te in  C o n ce n tra tio n  D e te rm in a tio n
The pH o f  th e  u r in e  and plasm a sam ples were m easured w ith  a 
Beckman Model G pH m eter u s in g  g la s s  and calom el e le c t r o d e s .  In  
some o f  th e  e a r l i e r  ex p erim en ts , a  s p e c ia l ly  d esig n ed  g la s s  e le c tro d e  
( r e q u ir in g  on ly  th re e  to  f iv e  d rops o f  sample) was u se d . Because few 
p re c a u tio n s  were ta k e n  to  m inim ize th e  lo s s  o f  carbon  d io x id e , th e  
pH d e te rm in a tio n s  have b u t a  su g g es tio n  v a lu e .  In  c o l le c t in g  u r in e  
sam ples, th e  g ra d u a te s  were p la ce d  in  such a  way as  to  have th e  
d rops which formed on th e  t i p  o f  th e  c a th e te r  d rop  in to  th e  u r in e  
a t  th e  bottom  w ith o u t flo w in g  down th e  s id e  o f  th e  g ra d u a te . Thus 
com plete lo s s  o f  carbon  d io x id e  was p re v e n te d . Plasm a p ro te in s  were 
d e term ined  by th e  s p e c i f ic  g ra v i ty  method o f  VanSlyke e t  a l . ^  and
^^D. D. V anSlyke, A. H i l l e r ,  R . A. R i i l l i p s ,  P . B . H am ilton,
V. P . D o le , R . M. A rc h ib a ld , and H. A. E d e r, The e s t im a tio n  o f  
plasm a p ro te in  c o n c e n tra tio n  from plasm a s p e c i f ic  g r a v i ty ,  J .  B io l . 
Chem. 183:331-^7 (1 9 5 0 ).
P h i l l i p s  e t  a l . ^  The plasm a p r o te in  c o n c e n tra tio n  i n  grams p e r  100 
m l o f  plasm a was ta k e n  to  h e :
1 1 . P r o te in  (gm$) =■ 373 ( s p e c i f i c  g ra v i ty  o f  plasm a -  1 .0 0 7 ) . 
C a lc u la t io n  o f  R a te s  o f  E x c re tio n  add C lea ran ces
A f te r  d e te rm in in g  th e  c o n c e n tra tio n  o f  th e  v a r io u s  s o lu te s  in  th e  
u r in e  which had "been d i lu te d  to  50 ml (V :50) th e  r a t e  o f  e x c r e t io n  o f  
th e s e  su b s tan ces  was c a lc u la te d  from th e  fo llo w in g  eq u a tio n :
1 2 . R ate  (uEq p e r  m inute) .= (m Eq/l) x  -5 2 -
v " Time
Where: Uy.50  ~  c o n c e n tra tio n  o f  th e  u r in e  d i lu te d  to  50 ml 
From t h i s  r a t e  o f  e x c r e t io n ,  th e  c le a ra n c e  o f  th e  su b stan ces  
were c a lc u la te d  by th e  fo llo w in g  e q u a tio n :
1 3 . C learan ce  (m l/m in) = Ra^ex  v
Px  k f
T h is  i s  e q u iv a le n t to  th e  u s u a l  c le a ra n c e  e q u a tio n , ex cep t t h a t  th e  
r a t e  i s  ex p ressed  in  m ic ro e q u iv a le n ts  e x c re te d  p e r  m inute in s te a d  
o f  th e  u s u a l  UV n o ta t io n .  The c o r r e c t io n  f a c to r ,  - ~ r  , i s  u sed  toKl
c o r r e c t  f o r  th e  plasm a w a te r c o n te n t ,  p ro te in  b in d in g , and Donnan 
f a c to r ,  as was e x p la in ed  in  th e  s e c t io n  on g lo m eru la r f i l t r a t i o n  r a t e  
d e te rm in a tio n . The f i l t e r a b l e  f r a c t i o n  (k f )  o f  th e  v a r io u s  e l e c t r o ­
ly t e s  in  th e  plasm a which a re  a v a i la b le  f o r  f i l t r a t i o n  was tak en  
p r im a r i ly  from th e  work o f  Howard, H opkins, and E is e r ib e rg ^  and 
from th e  rev iew  o f  th e  work o f  numbeous o th e r  a u th o rs  c i t e d  in  th e  
rev iew  o f  l i t e r a t u r e ,  pages *6 - 55 .
1^R. A. P h i l l i p s ,  D. D . V anSlyke, P . B. H am ilton , V. P . D o le ,
K . Em erson, J r . ,  and R . M. A rc h ib a ld , Measurement o f  s p e c i f ic  g ra v i ty  
o f  whole b lo o d  and plasm a by s ta n d a rd  copper s u l f a te  s o lu t io n s ,  J .  
B io l . Chem. 183:305-30 (1 9 5 0 ).
17T. H opkins, J .  E . Howard, and H. E ise n b e rg , U l t r a f i l 'f e r i t r io n
s tu d ie s  on dalcium  and "phosphorous in  human serum, Johns Hopkins H o st. 
B u l l .  9 1 :1 -2 1  (1 9 5 2 ). ------------
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The c o n s ta n ts  u sed  In  th e  c a lc u la t io n s  o f  c le a ra n c e  v a lu e s  a r e :  
T ah le  3 .  Assumed f i l t e r a b l e  f r a c t i o n  o f  th e  e l e c t r o l y t e s  s tu d ied *
Substance F i l t e r a b l e  f r a c t i o n  (k * f )
Magnesium .83
Calcium .7 0
Sodium .95
P o tassium .95
Phosphate 1 .0 5
S in ce  th e  amount o f  plasm a re q u ire d  to  supp ly  1 ml o f  f i l t e r e d  
w a te r would be g r e a te r  th a n  1 m l, due to  th e  o c cu p a tio n  o f  some o f  
th e  volume o f  th e  plasm a by th e  n o n f i l t e r  a b le  p r o te in ,  th e  c le a ra n c e  
o f  w a te r was c a lc u la te d  from  th e  fo llo w in g  e q u a tio n :
^  cHgO ~ Rate x v
I t  i s  r e a l i z e d  th a t  th e se  c le a ra n c e  v a lu e s  a re  n o t ex ac t*  
However, i t  i s  f e l t  t h a t  th e  sy s te m a tic  e r r o r s  a re  n o t  g r e a te r  th a n  
25 p e r  c e n t and p ro b ab ly  l e s s  th a n  10 p e r c e n t .  The r e l a t i v e  i n t r a -  
e x p e r im en ta l e r r o r  i s  p ro b ab ly  l e s s  th a n  5 p e r  c e n t .  These e r r o r s ,  
a s  can  be  seen  from  o b se rv in g  th e  d a ta  w hich fo llo w , do n o t a f f e c t  
th e  co n c lu s io n s  which a re  made.
CHAPTER I I I
RESULTS
The r e s u l t s  o f  th e se  ex p erim en ts  a re  g iv e n  In  ta b u la r  and 
g ra p h ic  form# D ata  on th e  u r in a r y  and p lasm a c o n c e n tr a t io n s ,  th e  
r a t e s  o f  e x c r e t io n  and th e  r a t e s  o f  plasm a c le a ra n c e  from  th e  f i r s t  
ex perim en t u s in g  b la d d e r  c le a ra n c e s  and no d i u r e t i c  a re  p re s e n te d  In  
T ab le  4# As w i l l  be  n o te d  in  su b seq u en t e x p e r im e n ts , th e  magnesium 
c le a ra n c e  i s  u s u a l ly  abou t te n  tim e s  t h a t  o f  th e  ca lc ium  c lea ra n c e#  
T h is  m igh t be due to  a r e l a t i v e  d i e ta r y  d e f ic ie n c y  o f  c a lc iu m , o r  
ex cess  o f  magnesium, o r  to  a  low er a b i l i t y  o f  th e  i n t e s t i n e  to  absorb  
calcium # As shown by H e l le r  e t  a l . ^ - magnesium c le a ra n c e  i s  g r e a t ly  
in c re a s e d  a f t e r  magnesium s u l f a t e  in tra v e n o u s  in f u s io n ,  and so i f  
th e  i n t e s t i n a l  a b so rp tio n  i s  r e l a t i v e l y  in c re a s e d , t h i s  would be 
r e f l e c t e d  in  an in c re a s e d  e x c r e t io n .  A nother i n t e r e s t i n g  o b s e rv a tio n  
from  E xperim ent 1 i s  th e  ex trem ely  low c le a ra n c e  o f  sodium and th e  
h ig h  c le a ra n c e  o f  p o ta ss iu m . T h is  c le a ra n c e  o f  p o tass iu m  i s  th e  more 
rem arkab le  in  th e  fa c e  o f  th e  abnorm ally  low  serum p o tass iu m  l e v e l s .  
The serum p o tassium  a t  zero  tim e , when a  b lo o d  c r e a t in in e  b la n k  was 
ta k e n , was norm al a t  ^ .4  m E q /l. I s  i t  p o s s ib le  t h a t  some s t im u l i  
from  a su b stan ce  i n  th e  in fu s io n  m ix tu re , from  th e  a n e s th e t i c ,  o r
■%. I .  H e l le r ,  J .  F .  Eam m arsten, and F . L . S tu tzm an , The e f f e c t  
o f  magnesium s u l f a t e  on r e n a l  f u n c t io n ,  e l e c t r o l y t e  e x c r e t io n ,  and 
c le a ra n c e  o f  magnesium, J .  C l in .  I n v e s t . 3 2 : 858-61  (1 9 5 3 ) .
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T able 4 . Experim ent 1 . E le c t r o ly te  and c r e a t in in e  e x c re t io n  p a t te r n s  
in  a  norm al, non-hydra  te d  dog. No d iu r e t i c  g iv en .
Time: ?5- 135 lb5 135-195
Sample: P la s m U rine F la  s m U rin e
D u ra tio n  o f  P e r io d  (m in): 60 60
Substance D eterm in a tio n
W ater U rine  Volume (ml) 18.6 32 .0
Plow (m l/m ini *31 • 53
C learance (m l/m in) *33 .57
Magnesium C o n cen tra tio n  (m Eq/l) 1*53 25 .2 1.59 11.4
E x c re tio n  (uEq/m in) 7.8 6.0
C learance  (m l/m ln) 5.8
Calcium C o n cen tra tio n  (m Eq/l) 5*^ 2.4 5.6 .84
E x c re tio n  (uEq/min) .74 .45
C learance  (m l/m in) .19 .11
Sodium C o n cen tra tio n  (m Eq/l) 151* 4.? 150. 3 .7
E xcre t i  on (jifiq /  min) 1.3 2.0
C learance  (m l/m in) .0085 .013
P otassium C o n cen tra tio n  (m Eq/l) 2 .4 48. 3.0 33.
E xcre t l  on (uEq/min) 14.9 17.5
C learance  (m l/m ln) 6.1 5.7
Phosphate C o n cen tra tio n  (mM/l) l . S 28.1 2.1 19.6
E x c re tio n  (uM/min) 8.7 10.4
C learance  (m l/m in) 4.1
C re a tin in e C o n cen tra tio n  (mg$) 20.6 20.3
C learance  (m l/m in) 87.0 86.0
The dog was a  22 .0  kg fem a le , young and  p red o m in a te ly  German Shepard .
Time i s  g iv en  in  m inu tes a f t e r  th e  p rim in g  dose o f c r e a t in in e  o f
91 mg/kg body w e ig h t. C o n stan t in fu s io n  o f  20 mg/min o f c r e a t in in e  
th en  m a in ta in ed .
C lea ran ces  a re  in  term s o f ml M in  o f  plasm a c le a r e d .  Plasm a p r o te in s  
n o t d e te rm in ed , h u t assum ed to  he 6 .9  &$>• The w /k f v a lu e s  assumed 
w ere: Mg, 1 .1 3 ; 0** 1 -3 1*; Na, and  K, 0 .9 8 5 ; and  PO^, 0 .8 9 .  P la s m  
w a te r  c le a ra n c e s  were c a lc u la te d  from  flow  tim es 1/ 0 . 935*
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from  th e  e x p e rim en ta l p rocedure  caused  a trem endous r e le a s e  o f
a ld o s te ro n e ?  T h is  a d re n a l c o r t i c a l  s t e r o id ,  which has r e c e n t ly  "been
shown to  he a  n fc tu ra l p ro d u c t o f  th e  a d re n a l c o r t e x /  h a s  e l e c t r o l y t e
b a lan ce  a f f e c t in g  p r o p e r t ie s  s im ila r  t o ,  h u t g r e a te r  th a n ,
d e so x y c o r tic o e te ro n e . I t  a c t s  to  cause r e t e n t io n  o f  sodium and
2 3e x c r e t io n  o f  po tassium  and p o s s ib ly  magnesium. ,
In  experim en t 2 an a tte m p t v a s  made to  a s c e r t a in  th e  e f f e c t s  o f  
in c re a s e d  u r e t e r a l  p re s su re  on r e n a l  fu n c tio n  w ith o u t th e  p re sen ce  
and a c t io n  o f  osm otic  d i u r e t i c s .  Only ^0 cm u r in e  p re s su re  was 
u s e d . C ontinuous u r in e  c o l le c t io n  was made. B e t te r  r e s u l t s  would 
have b een  o b ta in e d  i f :  ( l )  th e  c o l le c t io n s  had n o t  been  s t a r t e d  u n t i l  
a t  l e a s t  3 nil o f  u r in e  had flow ed; and ( 2 ) s h o r te r  c a th e te r s  had  been  
u se d , g iv in g  l e s s  d ead -sp ace , th e  p re s su re  b e in g  a p p lie d  by a i r  
p re s su re  e x e r te d  on th e  c a th e te r  t i p  and c o l le c t io n  chamber as
li
u sed  by S h a re .
In  experim ent 3 , e i t h e r  th e  u r e te r  o r  th e  r e n a l  p e lv is  was 
s l i g h t l y  damaged, f o r  b lood  was n o ted  in  th e  c a th e te r  o f  th e  l e f t  
k id n e y . The s t a r t  o f  th e  c o n tro l  p e r io d s  was th u s  d e lay ed  f o r  one 
hour a f t e r  th e  c r e a t in in e  and su cro se  prim e was g iv en  a t  which tim e 
th e  hemorrhage had alm ost co m ple te ly  s to p p ed . T h is  damage may
OT l .  G aunt, A. A. R en z i, and J .  J .  C h a r t ,  A ld o s te ro n e : A rev iew , 
J .  C l in . E n d o c ri. , In  P re s s  (1 9 5 5 )J and R . G aunt, p e rso n a l 
com m unication.
3f .  C. B a r t t e r ,  New a d re n a l c o r t i c a l  s t e r o id ,  S c ience  121:
581-83 (1955).
^L. S h a re , E f f e c t  o f  in c re a se d  u r e t e r a l  p re s su re  on r e n a l  
fu n c t io n ,  Am. J .  P h y s io l . 168 :97-106  ( 1952) .
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acco u n t f o r  th e  low er r a t e s  o f  e x c r e t io n  by t h i s  k id n e y , in  com parison 
to  th e  c o n tr o l  k id n a y . In  t h i s  ex p erim en t, no n o n - d iu r e t ic  c o l l e c t io n  
p e r io d s  were made. B lood sam ples w ere ta k e n  on ly  a t  th e  b eg in n in g  
o f  th e  experim en t and so c le a ra n c e  r a t e s  cou ld  n o t be c a lc u la te d .
In  ex p erim en ts  U and 5 , two c o l l e c t io n  p e r io d s  w ith o u t d i u r e t i c s  
w ere made, fo llo w ed  by a m ild  su cro se  d iu r e s i s  w ith  two p e r io d s  each 
o f :  c o n t r o l ,  l e f t  k idney  a t  60 cm u r in e  p r e s s u r e ,  and re c o v e ry  o f  th e  
l e f t  k id n e y . A c o l l e c t io n  p e r io d  was th e n  made a f t e r  in fu s io n  o f  
250 ml o f  25 p e r  c e n t su cro se  in tr a v e n o u s ly , w h ile  m a in ta in in g  th e  
p re v io u s  c re a tin in e -su c ro se -N e m b u ta l in f u s io n .  In  experim en t U 
(on  a p reg n an t dog) on ly  a sm all amount o f  u r in e  was c o l le c te d  from
th e  r i g h t  k idney  d u rin g  th e  f i r s t  n o n -su c ro se  c o n tro l  p e r io d .  T h is
\
p ro b ab ly  o ccu rred  due to  c a th e te r  o c c lu s io n , f o r  a f t e r  c le a r in g  th e  
c a th e t e r ,  r e n a l  fu n c tio n  was in c re a s e d  r e l a t i v e  to  th e  ex p e rim en ta l 
k id n ey  d u rin g  subsequen t c o l l e c t io n  p e r io d s .
In  T ab le  5 th ro u g h  8 , d a ta  a re  p re s e n te d  f o r  th e  e x c re to ry  
p a t te r n s  observed  in  ex p erim en ts  2 th ro u g h  5 .  I n  p a r t  A o f  each , 
th e  plasm a and u r in a ry  c o n c e n tra tio n s  o f  c r e a t in i n e ,  e l e c t r o l y t e s ,  and 
pH and th e  plasm a p r o te in  c o n c e n tra tio n s  a re  re c o rd e d . Hi p a r t  B, 
th e  u r in a ry  r a t e s  o f  e x c r e t io n  o f  w a te r  and th e  e l e c t r o l y t e s  a re  
g iv en  and i n  p a r t  C, th e  plasm a c le a ra n c e s  by th e  k id n ey s f o r  
w a te r ,  e l e c t r o l y t e s ,  and c r e a t in in e  a re  p re s e n te d .
fa b le  3k, EXCRETION PATTERNS EXPT. 2 . Plasma and urinary concentrations o f  c rea tin in e  and e le c tr o ly te s .
Time Period Sample
Dura­
tion ¥
Kg
mEq/l
Ca
mEq/l
Na
mEq/l
c
mEq/l
POv
m h
Creat.
ng $
~  ■' —' , .t-  ■■■ 1
Protein H
3  PH .
6o-
90
1. Control 
no Suer.
P
U-L
U-R
30
30
3T5
3-1
1.98
1.9
3*1
5.72
2.1
h i . . . .
148.
57.
— 56*
3.98
23.
26.
1.67
7.4
10.3
26.0
3635.
_ 4340.
5.6
i .65
6.55
90-
120
2. Control 
no Suer.
P
U-L
U-R
30 3.3
3-1
2.00
4.8
3*5
5.20
2.4
2.1
151.
59.
_____
4.01
25.
2?‘
1.61
3.8
5.3
27.9
4110.
4780.
- 6.60
6.55
150-
130
3 .no Suer. 
L- Press. 
R- Contr.
P
U-L
U-R
30 3.85
3.65
1.92
1.05
2.10
4 .9 /
1.95
1.80
150.
44.
46.
h.30
49.
52.
1.78
6.2
11.1
29.4
4410.
4510.
5.7
6.60
6.75
180-
210
U.no Suer. 
Recovery
P
U-L
U-R
25
30
1.81
1 .4
3*1
4.8 7 
1.2  
1.65
150. 4.08
48.
68.
1.84
6.1
15*I
29.4
1935.
4630.
5.9
7.75
7.25
210-
240
5. Suer. 
Control
P
U-L
U-R
30
30
16.8
15.2
1.70
1.5
2.0
4.88
1.30
i*33
150.
3? ‘ . J k .........
4.02
24.
- 3 0 .
1.76
4.2
4.7
29.6
ll4 o .
1305.
3. $
7.75
7.75
2^0-
270
6 ,  Suer.
~ L-Press. 
E-Contr.
P
U-L
U-R
30
30
3^4
7.8
1.S5
1.5
2.1
4 .88 
1.25 
i .4 o
150.
26.
40.
4.40
26.
. . .  J3..„
1.67
4.6
7.0
30.2
2420.
. 2390.
6.0
6.45
7.10
270-
300
7.
Recovery
P
U-L
U-R
25
30
9.5
5.8
1.85
.95
2.1
5.30
1.2
2.0
151.
8 :
4.34
4o.
40.
1.75
5.2
12.6
30.0
1965.
3245.
5.9
7.75
6.80
!Bie dog was a 14.1 kg female, predominately terrier
Plasna sauries were taken at the middle of the urine co llec tion  period. Ureteral pressure increased to 40 
cm urine. Seventy ml of 10 per cent sucrose given a t 210 min.; not maintained.
Recovery periods started 5 minutes a fter  the beginning of the control kidney for periods 4 and 6. ,
034=-
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Table 5B» 23PT. 2, Continued- Urinary ra tes  o f  ex cretio n  o f water and e le c tr o ly te s
Dura- HpO Mg , Ca Ha z POUTime Period Sample tion ml/min juSq/iain juSq/min juEq/min juEq/min uM/min
60- l.No Suer. U-L 30 .12 .22 .24 6.7 2.7 .87
90 Control U -l 30 .10 . j J 2 .20 5.0 2.7 1.07
90- 2 .No Suer. U-L 30 .11 .53 .27 6.5 2.8 .42
120 Control U -l 30 . .10 , -26, , .22 5.5 3.0 .55
No 8ucr.
150- 3.L-Pressure U-L 30 .13 . i k .25 5.7 6.3 .80
180 1-Control U -l » .  - .12 ...25„ . .22 5.6 6.3 1.35
180- 4.No Suer. U-L 25 .38
CMirv. .44 13.0 18.0 2.28
210 Recovery U -l 30 .14 .42 ,23 6.3 9*3 2.15
210- 5. Sucrose U-L 30 • 56 .83 .72 I 8.3 13.3 2.35
240 Control U -l .-29. . . • A ............ 1.03 .68 18.4 15.0 2.38
Sucrose
240- 6.L-Pressure U-L 30 .11 .18 .14 2.9 3.0 .52
270 1-Control U -l 30 _ .26 . . ...*5L .37 10.3 8,5 1.82
270- 7.1ecovery U-L 25 .38 .36 .44 13.6 15.2 1.96
J00 U -l , 29 ____ M  . . . . . . .42 . _____ .2 -2 7.8 2.43
Table 5C. EXPT. 2 , Continued, Plasma clearances o f  w ater, e le c tr o ly te s  and crea tin in e  "by the k idneys.
Time Period Sample
HgO
ml/min
Mg
ml/min
Ca
ml/min
Na
ml/min
K
ml/min
Tor
ml/min
Creatinine
ml/min
60- 1. No Suer. U-L .12 .12 .057 . 01*5 .66 •h7 16.3
?° Control U-R .11 *18 .01*7 .036 •66 .61* 17.3
90- 2. No Suer. U-L .12
0CO* .069 . 0U3 .68 .23 16.2
120 Control U-R .11 .20 .056 . .03.6 .71* .31 17.7
150- 3.
No Suer. 
L-Pressure U-L ,1k .08 .067 .038 1.1*6 . 1*0 19.3
180 S-Control U-R .4 3 . - 4 5 _ , .058 ... ,037... 1.1*6 .68 18.7
180- i*. No Suer. U-L .1*0 .33 .121 .086 U.38 1.11 2I+.6
210 Recovery U-R .15 .26 . 0 cr
> ro .01*2 2.28 1. 0U 21.1
210- 3. Sucrose U-L .59 .55 .197 .121 3.28 1.19 20.5
2^0 Control U-R ,5*_ . .188 .121 3,70 1.21 22.1*
2**0- 6.
Sucrose
L-Pressure U-L .12 .10 .039 .019 .68 .28 9.1
270 R-Control U-R .28 .33 .101 .068 1.92 .98 20.6
270- 7. Recovery U-L • 39 .22 .111 .090 3. 1*8 1.01 21+.7
300 U-R .21 .26 .097 .062 1.79 1.21+ 21.0
i
&
i
T ab le  6A. EXCRETION PATTERNS, EXPT. 3 . Plasm a and urinary concentrations o f crea tin in e  and e le c tr o ly te s .
Dura­ H2O Mg Ca Na X P0U Creat. Protein H
Time Period Samole tion ml mEq/l mEq/l mEq/l mEq/l mM/I . mg i i oH
-G 0. Blank P 1.47 4.95 160. 5.49 2.29. ....... .? 6.4 7.42
P - 1.29 4.97 151. 4.22 1.95 24.4 678 7.70
91- 1. Suer. U-L 20 37.0 .80 1.28 33.8 14.9 4.30 307. — 6.85
111 Contr. U-R 20 ^9.8 .80 1 .4 l 41.2 13.1 .3.32 224. - 6.75
P - 1.43 5.00 15^. 4.52 2.18 26.1 cr . VO
111- 2. Suer. U-L 23 40.0 .53 .88 21.2 10.1 2.98 308. — 6.95
134 Contr. U-R 23 1.20 2.20 66.1 18.6 . 3 .07 227. mm 6.85
Suer.
155- 3* L-Press. U-L 20 16.7 •33 .27 3.9 3.6 M 452. * 6.70
175 R-Contr. U-R 20 44.8 .68 19.0 J A  , 1.64 263. — 6.95
Suer.
175- 4. L-Press. U-L 20 13.8 .22 .29 4.7 3.3 2.20 506. — 6.85
195 R-Contr. U-R 20 40.8 lijO .61 .... i.HJ .......JA.. 1.37 292. — 6.75
Suer.
200- 5. Recovery U-L 15 21.0 .71 • 33 6.0 8.6 .55 355. - 7.10
215 U-R 25.4 „ a55 u . 6 8.1 1.26 - .  3**4. — 6.90
Suer.
215- 6. Recovery U-L 17 20.0 .20 •38 s .o 8.3 .58 380. — 7.15
232 U-R 17 25.0 .46 .. .S-o. . . 8.2 1.54 360. — 6.90
High
246- 7. Suer. U-L 9 31.5 .24 .30 10.3 4.9 .08 90.5 — 6.95
255 U-R 9 48.0 .52 .68 23.0 4.6 .16 75.0 6.75
The dog was a  13*5 kg m ale.
Plasma samples were taken  a t  the  m iddle o f  the  u r in e  c o l le c t io n  p e r io d s . U re te ra l  p re s su re  in c re ase d  to  60 
cm u r in e .  Sucrose g iven  a t  2 0 .?  mg/kg-min. a f t e r  a  p rim er dose. High Sucrose le v e l s  o b ta in ed  w ith  250 ml 
o f  25 $  su c ro se , w hile  m ain ta in in g  the  c rea tin in e -su c ro se -N em b u ta l in fu s io n  s t a r t e d  a t  0 m inutes.
C re a tin in e  c o n c e n tra tio n s  in  the  u r in e  c a lc u la te d  hy assum ing 0.021 o p t ic a l  d e n s ity  u n i t s  p e r  mg o f  c r e a t in e  
p e r  100 ml d i lu te d  u r in e .
Tfcible 6B. EZPT. 3 , Continued. Urinary ra tes  o f excretion  o f  water and e le c tr o ly te s
Dura­ H2O Mg Ca Ha E POh
UM/minTime Period Sample tion ml/min UEq/min UBq/min UEq/min S
91- 1. Sucrose U-L 20 1.85 1.47 2.38 62.5 26.5 7.95
111 Control U-R 20 2.49 2.00 3.50 102.5 32.5 8.25
111- 2. Sucrose U-L 23 1.74 .91 1.52 37.0 17.6 5.20
1^4 Control U-R 23 _ 2.56 1.54 2.82 84.7 _ 23.9 6.50
Sucrose
1*>*>- 3. L-Pressure U-L 20 .84 .27 *23 I3 ’3 3.0 .40
175 R-Control U-R 20 2.24 1.10 1.53 42.5 17.0 _ 3 . 67
Sucrose
175- 4. L-Pressure U-L 20: .69 .15 .20 3.2 2.2 .15
195 R-Control U-R 20 2.04 1.00 1,25 30.0 15.3 2.80
Sucrose
200- 5. Recovery U-L 15 1.40 1.00 .47 8.3 12.0 .77
215 U-R 15 1.69 ._s2L ._ . . .87 19.7 13.7 2.14
Sucrose
215- 6. Recovery U-L 17 1.18 .24 .44 9 .4 9.7 .68
232 U-R 17 1.47 .. -tH7. . .68 13.2 12.1 2.26
Higi
246- 7. Sucrose U-L 9 3.50 .83 1.05 36.1 25.0 .28
25? U-R 9 -S O *  . 2 J S  . 3.61 122.0 30.6 __.83
Table 7A. BXOKETION PATTERNS, SXPT. 4 . Plasma and urinary concentrations o f  crea tin in e  and e le c tr o ly te s .
~  Dura- HgO Mg Ca Na K PO^ C rea t. P ro te in
P a rio d  Sample t io n  ml mE^/l mEq/l mBfl/l mEq/l W / l  mg $ j
No Suer. P - 1.65 4.26 154. V79 1.16 31.2 - S T
20- 1. Control U-L 30 5-3 4.8 1.5 33. 24.5 11.1 3990.
JO U-R 30 - - - - - -
No Suer. P - 1.53 4.21 160. 4.30 1.05 31.3 T . o
82- 2. Control U-L 30 4.6 3*8 1.7 28. 26. 3.5 412.
112 U-R 30 .. 8.0 _ 2.1 i-5 35. 9.0 .62 1968.
Suer. P - 1.37 3.90 1^9* 3.73 .99 32.2 Z.'S
130- 3. Control U-L 20 22.6 .55 .29 6.2 6.4 .29 601.
150 U-R 20 26,0 .42 11.5 6.3 .21 431.
Suer. P - 1.41 3*?7 149. 3.90 1.25 33.1 c
r . <.0
150- 4. Control U-L 20 26.2 1.22 .44 9.2 10.1 .57 604.
ljO U-R 20 29.1 .46 12.7 .14 450.
Suer. P - 1.39 3.92 145. 3.95 1.37 34.8 7.0
180- 5.L-Press. U-L 20 17.8 .51 •?7 6.7 6.7 .11 600.200 R-Contr. U-R 20 . ,33.r?, 1.57 14.9 . . . 9 .3 .16 421.
Suer. P - 1.42 3.92 145. 4.05 l .4 s 36.3 ...F.§
200- 6.1-Press. U-L 20 17.0 .53 .38 7 .4 6.8 .18 611.
220 R-Contr. U-R 20 . 1 . 13, .*37 13.0 ?*5 •f3 428.Suer. P - 1.49 4.11 146. 4.33 1.63 38.5 7.1
230- 7.2tecovery U-L 20 25.8 .62 .31 5.8 8.9 • 66 546.
250 U-R 20 .J 5 *  . .86 •31 9 .4 9.6 . ,69_ 422. am
Suer. P - 1.47 3.95 146. 4.21 1.71 37.5 7.0
250- 8 . Recovery- U-L 20 25. .56 .34 6 .2 9 .2 1.40 588.
270 U-R 20 35. .84 •30 9.7 10.3 1.23 443. *
High P - 1.31 3.50 152. 4.02 l .W 38.(?) 7 .i
285- 9 .Suerose U-L 10 35. .44 .14 4.9 4.3 .69 266.(? )
2?5 U-R 10 41.5 •77 .20 9.7 4.8 .88 243.(?) -
The dog was a  1 6 .3  k g  fem ale , p red o m in a te ly  c o l l i e .  -------------------- -------- - --------- —------------ ------------
S “S i n e r re  taken  a t  middl8 ° f  * *  c o l le c t io n  P e r io d s . U re te ra l  p re s su re  in c re a se d  to
Sucrose g iven  a t  20 .5  * g /k g -* in  a f t e r  a  p rim er dose. High sucrose  l e v e l s  o b ta in ed  w ith  250 ml o f  ?5 
c e n t su c ro se , w h ile  m a in ta in in g  th e  c rea tin in e -su c ro se -N em b u ta l in fu s io n  s t a r t e d  a t  0 m in u tes .
Table 7B. EXPT. 1+, Continued. Urinary r a te s  o f  excretio n  o f  water and e le c tr o ly te s .
Mira­ H20 Mg Ca Na X POu
Time Period Sample tion ml/min uEq/min jiEq/min UEq/min juEq/min uM/min
20- 1. No Sucrose U-L 30 .18 .85 .27 5.8 1+.2 1.97
5° Control U-R - - - - - -
82- 2. No Sucrose U-L 30 .15 .58 .27 1+.3 1+.0 .53
112 Control U-R 30 . . . . .0 0 . .63 .1+3 10.3 2.7 .18
130- 3. Sucrose U-L 20 1.16 .63 .33 7.0 7.3 .33
150 Control U-R 20 •JJL .. ._ .55 15.0 _ _8.3 .28
150- 1+. Sucrose U-L 20 1.31 1.60 .58 12.0 13.3 .75
170 Control U-R 20 1 . 1+5 1.1+3 .68 18.5 13.S .20
Sucrose
180- 5. L -P ressu re  U-L 20 .89 .1+5 .33 6.0 6.0 .10
200 R-Control U-R 20 1.67 2.62 ,73 25.0 15.5 .28
Sucrose
200- 6. L-Pressure U-L 20 .85 .1+5 .33 6.3 5.8 .15
220 R-Control U-R 20 1.78 ♦58 ......... 20.5 15.0 ,58
230- 7. Sucrose U-L 20 1.29 .80 .140 7.5 11.5 .85
250 Recovery U-R 20 1.75 _.55 16.5 16.8 1.20
250- 8. Sucrose U-L 20 1.25 .70 .*3 7.8 11.5 1.75
270 Recovery U-R 20 1.75 1.148 ....SSL............ 17.0 18.0 2.15
285- 9. High U-L 10 3.50 1.55 .50 17.0 15.0 2.1*0
295 Sucrose U-R 10 1+.75 3.65 .95 1+6.0 23.O 1+.25
'te'ble 7C. EXPT. 4 , Continued. PlAsma clearances o f  w ater, e le c tr o ly te s  and crea tin in e  by the kidneys
Time Period Sample
H-O
ml/min
Mg
ml/min
Ca
ml/min
Na
ml/min
K
ml/min
P0u
ml/min
Creatinine
ml/min
20- 1. No Sucrose U-L .18 .52
to0. .037 .29 1.5 22.6
?o Control U-R - - - - - — _
82- 2. No Sucrose U-L .17 .*3 .08 .027 .91 .44 20.2
112 Control U-R .32 .46 .14 .054 .61 .15 18.6
130- 3. Sucrose U-L 1.25 .51 .11 .046 1.91 .29 21.2
150 Control U-R l.bO _ 4 5 . . . . . _ ,099. 2.17 _ .25 .1 7 .4
150- 4. Sucrose U-L 1.1+1 1.27 .19 .079 3.34 .53 23.8
2-7° Control U-R ...... i.jS i___ 1.14 .23 .122 3.47 .14 .19.8
Sucrose
180- 5. L-Pressure U-L .96 .36 .11 ,o4i 1.49 .06 15.4
200 R-Control U-R 1.80 2.11 . 25. .169 3.84 .18 20.4
Sucrose
200- 6. L-Pressure U-L .91 .36 .11 .043 1.39 .09 14.3
220 R-Control U-R 1.8k i M .20 .. .422... 3.63 _ _ -3 * . 18.6
230- 7. Sucrose U-L 1.39 .60 .13 .050 2.60 .46 18.3
250 Recovery U-R 1.88 1.13 .18 .110 3.80 .65 19.2
250- 8, Sucrose U-L 1.35 .53 .14 .052 2. 6s .91 19.6
270 Recovery U-R 1.88 l i i L ...... .18 ,u 4 u.19 l . l l 20.6
285- 9. Higi U-L 3*77 1.33 .19 .110 3.66 1.38 13.5
295 Sucrose U-R 5.11 3.12 .36 .300 5.61 2.44 16.7
1
Table Sk  EXCRETION PATTERNS, EXPT. 5. Plasma and urinary concen trations o f  crea tin in e  and e le c tr o ly te s .
Dura*. HgO Mg Ca Ha K POl| Oreat. Protein H
Time Period Sample tlorx ml mSq/l mEq/l nfflq/l mEq/l  mM/l mg< f  pg
No Suer. P -  1.4o 4*20 l53» 4 .4 l 1*55 20.6 6.35 -
30- 1. Control U-L 30 3*6 14.6 8.20 71.0 90.0 30*3 4380. -  6.63
60_________  U-R 30 3 .4___15,7____S±20_____86.8 _ 92.6 32.2 46oo. -  6.58
--------------- No Suer. P -  HP? 5 a j 15^  5 7 5 5 1 7 6 3  2 0 7 0 5 7 3 -
60-  2. Control U-L 30 3 .5  13.2 8.40 53.0 109. 40.3 >+280. -  6.51
90________________  U-R 30 3.3 15.1 3.2k  65.1 102. 42.0 4420. -  6.52
 Sucrose P -  i 7 3 3 3 7 9 5 1 ^ 1  5 7 1 5 1 7 5 9 2 5 7 9  57?
100- 3. Control U-L 20 24.0 1.62 .90 21.2 I3.3 5.08 622. -  7.01
120________________ U-R 20 a . 3 ___1,22_. ,87_____20,0____ 1 3 0 _____ £.58 695. -  6.09
 Sucrose P -  l T f O 5 7 o S l 5 7 7 4725 l 7 & 3 2472 572 T7S2
120- 4. Control U-L 20 21.5 1.88 1.19 27.9 16.3 7.02 676. -  7.09
ll40 U-E 20 20.5 1.76 1.22 27.6 17.1 6.93 684. -  7.09
--------------- Sucrose p -  T725 5711 1557 5752 1785 2571 573
150-  5.L-Press. U-L 20 14.9 .4o .4o 4 .4  11.4 4.80 751. -  6.45
170 R-Contr. U-R 20 21.9 4.11 1.46 24.0 1 7 0  6.16 6l5. -  7.05
- 1 sucrose p - 1 7 3 3 5 7 0 8 5 5 5 7  5751 1793 2575 572 1“ ^
170-  6.L-Press. U-L 20 15*3 .36 .39 4.6 10.2 2.71 684. -  6.72
190 R-Oontr. U-R 20 24.0 2.60 1.4g 25.0 19.6 5.23 565. -  7.00
Sucrose P — 1.26 4.11 l^o. 5.33 1 .8 / 24.5 6*3 ■
210- 7.P.ecovery U-L 20.5 5l.O .67 .31 18.3 13.2 2.04 333. -  7.37
230.5______________ U-R 20.5 25.5 2.00____1.00_____23.3 18.6 . . .  £glU 573., -  7.05
 sucrose p -  1 7 2 9 5 7 i o 1 5 5 7 5 ^ 3  i T S I 257? 5735 7775
231 8.Recovery U-L 20 31.7 1.17 .54 24.6 15.0 2.73 5l6 . -  7-38
g l _________________U-R 20 24.7____1.JL6...1.03____ 2 4 a _____a . g  , _ ,5.85 _578. -  7.12
 Higb p -  172? 3777 1557 J^ 9  1757 24.5CT) 6.7 77315
265-  9. Sucrose U-L 10 73.5 .55 -55 29.O 5.17 1.18 96.5(T) -  7.10
275 U-R 10 69.0 .65 .70 34.5 6.09 1.46 108. (T) -  7.02
The dogfwas a l4 .4  kg female, predominately terrier . ,
P lasm  samples were taken at the middle of the urine co llection  periods. Ureteral pressure increased to vq 
60 cm urine on the l e f t  kidney. "S
Sucrose infused at 20.5 mg/kg-®!11 a fter  a primer dose. High sucrose le v e ls  obtained with 250 ml of 25 per* 
cent sucrose, while maintaining the creatinine-sucrose-Nembutal infusion started at 0 minutes.
Table 8B. EXPT. 5» Continued. Urinary r a te s  o f  excretion  o f  water and e le c tr o ly te s
Time Period Sample
Dura­
tion ^/ndn
Mg
pEq/min
Ca
juEq/min
Na
UiSq/min
X
AXEq/min
P0i|
;uM/min
30-
60
1. No Sucrose 
Control
U-L
U-E
0 
0 
ro 
i'*”’
.12
.11
1.75
1.78
.98
1.05
8.5
9.8
10.8
10.5
3.61*
3.65
60- 2. No Sucrose U-L 30 .11 1.50 .95 6.0 12.3 **•57
£0 Control U-E 30. . .11 1.67 1.02 . . 7 ,2 _12.3 U.62
100- 3. Sucrose U-L 20 1.20 1.92 1.07 25.5 16.0 6.10
120 Control U-E 20 1.16 1.30 _ .92 21.2 lH.O 5.95
120- 1*. Sucrose U-L 20 1.08 2.02 1.27 30.0 17.5 7.55
ll*0 Control U-E 20 1.02 1.80 _ l ,25 . 2 8.2 _ 1.7,5 7.10
Sucrose
150- 5. L-Pressure U-L 20 .75 .30 .30 3.2 7.8 3.58
170 E-Control U-E 20 1.10 1.60 26.2 19.0 6.75
Sucrose
170- 6. L-Pressure U-L 20 .77 .28 .30 3.5 7.8 2.08
190 E-Control U-E 20 1.20 1.77 _ 30,0 23.5 6.27
210- 7. Sucrose U-l 20.5 2.00 1.3^ .61 36.6 26. 1* 1*.08
230. 5 Eecovery U-E 20.5 1. 21+ 2.1*9 1.2l* 29.0 23.2 6.1*0
231- S. Sucrose U-L 20 1.59 1.85 .70 39.0 23.8 i*.32
241 Recovery U-E 20 1. 2U 2.1*2 1.27 28.8 26.2 7.22
265- 9. High U-L 10 7.35 i*.o i*.o 213. 38. 8.7
275 Sucrose U-E 10 6.90 ^•5 1*.S 238. U2. 10.1
Table 80. EXPT. 5> Continued. Plasma clearances o f  water, e le c tr o ly te s  and crea tin in e  by the k idneys.
Time Period Sample
HpO
ml/min
Mg
ml/min
Ca
ml/min
Na
ml/min
E
ml/min a3
,=r—
8
3 Creatinine
ml/min
30- 1. No Sucrose U-L .13 1.35 .31 .055 2.42 2.09 25.5
60 Control U-E .12 1.3S ,33 .063 . 2.35 2.10 25.2
6o- 2. No Sucrose U-L .12 1.3* .31 .038 2.67 2.50 24.2
?° Control U-E .12 1.48 .33 .046 2.67 2.52 24.3
100- 3. Sucrose U-L 1.28 1.63 .36 . 16s 3.82 3.66 28.8
120 Control U-E ......i-A I 1.10 ^ 1 .i4o 3.34 3.56 28.5
120- 4. Sucrose U-L 1.15 1.76 .42 .202 4.07 3.98 30.2
140 Control U-E 1.09 ...1*5.1,... , .41 .190 4.07 ... 3.75 28.8
Sucrose
150- 5. L-Pressure U-L .80 .27 .10 .022 1.73 1.73 23.4
170 E-Control U-B 1.18 U.o4 - .52 _. .179 4.25 3.26 28.1
Sucrose
170- 6. L-Pressure U-L .82 .24 .10 .024 1.74 .96 20.4
190 E-Control U-E 1.28 2.66 .*5>2, , .204 5.26 2.90 27.7
210- 7. Sucrose U-L 2.14 1.20 .20 .247 6.03 1.94 27.2
230.5 Becovery U-E 1^ .?. 2.24 .40 .196 5.30 3.06 29.0
231- 8. Sucrose U-L 1.70 1.62 .23 .252 5.44 2.01 27.3
241 Recovery U-E i* » 2.12 .42 4 2 L ._ . 5.98 3.36 29.6
265- 9. High U-L 7.85 3.56 1.42 1.60 9.65 4.65 28.9
275 Sucrose U-E 7.36 4.00 1.71 1.78 10.70 5.40 30.4
E ffect o f Increased Ureteral Pressure
In order to make more comprehensible the changes which occurred 
and to u t i l iz e  the extra-renal control characteristics o f these 
experiments, the rates o f excretion of the experimental (pressure) 
and control (non-pressure) kidneys were compared by means of  
excretion ra tios (experimental/control) (Figure 3)• Because the 
time, plasma concentrations, and f i l t e r a b i l i t y  o f the various sub­
stances were the same for the two kidneys, th is  excretion ratio  i s  
the same as that from the rates o f plasma clearance. (The ra tio s  
o f creatinine clearances were used instead o f rate o f excretion .)
I t  w i l l  be noted that the excretion o f creatin ine, water, magnesium, 
calcium, Bodium, potassium, and phosphate in  a l l  cases i s  decreased 
by increased ureteral pressure. Creatinine excretion (clearance) 
i s  reduced to about 70 per cent o f the control kidney excretion, 
water to about 60 per cent, and the e lec tro ly te s  to between 20 and 
50 per cent. This decreased excretion, however, could be accounted 
for by expansion o f the p e lv is  or leaks o f fu lly  formed urine.
To evaluate th is  p o ss ib ility  o f leakage or renal expansion, 
the ra tio so f urinary concentrations were p lotted  for the three 
sim ilar experiments (Figure U). These data appear more variable, 
but i t  w il l  be noted that in  general the urinary creatinine concen­
tration  i s  r e la tiv e ly  higher in  the pressure kidney, whereas those 
o f the e lec tro ly tes  are generally lower. I f  fu lly  formed urine were 
leaking past the catheter or through tubules or i f  an expansion of  
the renal p e lv is  and co llec tin g  ducts were absorbing the entire  
decrease in  flow , there would be no change in  concentration. From
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£  Hn0
ki K
p e r i o d : c o n t r o l  p r e s s u r e  r e c o v e r y
Figure 3# Urinary excretion r a tio s  o f  experimental (pressure) to  
control kidney.
•  Expefiment 3 
« Experiment ^
X Experiment 5
C o n tro l p e r io d s  w ith  su cro se  d iu r e t i c ;  (20.5 m g/kg-m in). 
P re s su re  p e r io d s ,  e x p e r im e n ta l k id n ey  a t  60 cm u r in e  p r e s s u r e .  
R ecovery p e r io d s ,  infuBionB  m a in ta in ed  ( s e e  t e x t ) .
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£ CR 1.0
LO
Mg w
w
LO
Ca
LO
Na
LO
LO
P0<
P E R IO D  I  CONTROL PRESSURE RECOVERY
F ig u re  U. U rin a ry  c o n c e n tra t io n  r a t i o s  o f  ex p e rim en ta l (p re s s u re )  to  
c o n t r o l  k id n e y .
•  E xperim ent 3 
■ E xperim ent ^
X E xperim ent 5
C o n tro l p e r io d s  w ith  su cro se  d iu r e t ic :  (2 0 .5  mg/fcg-min). 
P re s su re  p e r io d s ,  ex p e rim en ta l k idney  a t  60 cm u r in e  p r e s s u r e .  
R ecovery p e r io d s ,  in fu s io n s  m a in ta in ed  (s e e  t e x t ) .
-  98 -
th e s e  c o n c e n tra tio n  d a ta ,  i t  app ears  t h a t  th e  c r e a t in in e  e x c re t io n  
i s  d ec rea sed  r e l a t i v e l y  l e s s  th an  t h a t  o f  v a te r  and so th e  u r in a ry  
c r e a t in in e  c o n c e n tra tio n  i s  in c re a s e d . T h is  means t h a t  th e re  was an 
in c re a s e d  p e rcen tag e  r e a l  s o rp tio n  o f  w a te r in  th e  tu b u le s  i f  ( i n  th e  
dog) c r e a t in in e  p a sse s  th rough  w ith o u t g a in  o r  l o s s .  The e l e c t r o l y t e s ,  
a ls o  b e in g  f i l t e r e d  in  sm a lle r am ounts, appear to  be s t i l l  more 
co m ple te ly  re a b so rb e d , th e reb y  g iv in g  a low er u r in a ry  c o n c e n tra tio n  
r e l a t i v e  to  th e  c o n tro l  l e v e l s .
From th e se  c o n c e n tra tio n  d a ta ,  i t  becomes ap p a ren t t h a t  th e
tu b u la r  a c t i v i t y  h as  been  a l t e r e d .  In  o rd e r  to  p re s e n t  th e  d a ta  more
c l e a r ly ,  th e  c le a ra n c e s  f o r  c r e a t in in e ,  w a te r , and th e  e l e c t r o l y te s  
s tu d ie d  a re  p re se n te d  f o r  th e  v a r io u s  c le a ra n c e  p e r io d s  f o r  b o th  th e
c o n tr o l  and ex p e rim en ta l k idneys o f  experim en ts  U and 5 (F ig u re s  5
and 6 ) .  In  o rd e r  to  u se  th e  same s c a le ,  a c o n s ta n t amount (12 o r  20 
m l/m in) was s u b tra c te d  from th e  c r e a t id in e  c le a ra n c e  v a lu e s . I f  
tu b u la r  a c t i v i t y  ( re a b s o rp tio n  and s e c r e t io n ,  a c t iv e  and p a ss iv e )  
were c o n s ta n t ,  th e n  th e  d ec rease  in  e l e c t r o l y t e  c le a ra n c e  should  be 
o f  th e  same m agnitude as th e  d ec rea se  in  f i l t r a t i o n  r a t e .  In  
m a th em atica l te rm s:
1 . E x c re tio n  =  F i l t e r e d  lo a d  -  T ubu lar re a b s o rp t io n
•f T ubular s e c re t io n ;  o r :
2 .  UxVn  -  T j Where:
Vp I s  th e  f i l t r a t i o n  r a t e  as
and th e n  plasm a c le a ra n c e : de term ined  by c r e a t in in e
c le a ra n c e
3 .  Cy -  -  V -  Vn  I s  th e  r a t e  o f  u r in e  fo rm atio n
x  “  ~ F p j  p j  ana xJj a re  th e  plasm a and
u r in a ry  c o n c e n tra t io n s , 
r e s p e c t iv e ly  
T i s  th e  r a t e  (mM/min) o f  tu b u la r  
a c t i v i t y  
C j i s  th e  plasm a c le a ra n c e
. EXPT. \4  
_ EX PTE*'
. EXPT. 4  
_ CONTROL
.M-HA
F ig u re  5 . U rin a ry  c le a ra n c e s  o f  c r e a t in in e ,  w a te r , and e l e c t r o l y t e s ,  experim ent
16.3  kg fem ale c o l l i e  (p re g n a n t) . C re a tin in e  andHlem butal in fu s io n  a t  1 mg and 50 P-gfr p e r 
kg p e r  Tnin (se e  t e x t ) .  P e rio d s  1 and 2 , c o n tro l ;  3 and k ,  sucrose  c o n tro l  (2 0 .5  mg/kg*®in) 
5 and 6 , e x p t l .  k idney a t  60 cm u r in e  p re s s u re ;  7 and 8 , re c o v e ry ; 9 ,  h ig h  sucrose  (250  m l 
o f  25 p e r  c e n t ) .  C rea tin in e-eu cro se-N em b u ta l in fu s io n  m ain ta in ed  th rough  p e rio d s  3 to  9 .
*  CR
»_ EXPTL.
/«?,
NA
 ------------. ~ C A -
O Y  ■* = r = * i  P E -
PERIOD-I 2  3
'■10.4 CR 
10.7 K
. EXPT. 5  
.CONTROL
po.
H6
CA
F ig u re  6 . U rin a ry  c le a ra n c e s  o f  c r e a t in in e ,  v a te r ,  and e le c t r o l y te s ,  experim ent 5»
1 ^ .4  leg fem ale t e r r i e r .  C re a tin in e  and Nembutal in fu s io n  a t  1 mg and 50 ugm p e r kg p e r mln 
(se e  t e x t ) .  P e rio d s  1 and 2 , c o n tro l ;  3 and sucrose  c o n tro l  (2 0 .5  mg/kg*min); 5 and 6 , 
ex p erim en ta l k idney  a t  60 can u r in e  p re s su re ;  7 and 8 , re c o v e ry ; 9 ,  h ig h  sucrose ( 2p0 m l o f  
25 p e r  c e n t ) .  C rea tin in e-su c ro se-N em b u ta l in fu s io n  m ain ta in ed  th rough  p e rio d s  3 to  9*
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T hus, I f  tu b u la r  a c t i v i t y  and plasm a c o n c e n tra t io n  a re  c o n s ta n t ,
-  K, and: 
k .  C j •= VF -  K
On th e  o th e r  hand , I f  c h a f e s  o f  f i l t r a t i o n  r a t e  and th u s  
f i l t e r e d  lo a d  a re  co m p le te ly  abso rbed  "by a  change i n  tu b u le  a c t io n  
so t h a t :
5 . AVF * A jfc
C j w i l l  th e n  be independen t o f  f i l t r a t i o n  r a t e .  The c le a ra n c e  o f  
c r e a t in in e  w ith  in c re a se d  u r e t e r a l  p re s s u re  d ec rea sed  5-10  m l/m in 
and th u s  5-10  m l/m in l e s s  f i l t r a t e  was p re se n te d  to  th e  tu b u le s ,  b u t 
a  s im i la r  la rg e  d e c rea se  i n  c le a ra n c e  o f  th e  e l e c t r o l y t e s  was n o t 
n o te d . In  a l l  o f  th e  su cro se  ex p e rim en ts , th e  d e c rea se  in  f i l t r a t i o n  
r a t e ,  i f  c o n s ta n t tu b u la r  a c t i v i t y  had  o c c u rre d , would y ie ld  u r in e  
f r e e  o f  th e  e l e c t r o l y t e s  s tu d ie d .  The change in  tu b u la r  a c t i v i t y ,  
how ever, was n o t o f  s u f f i c i e n t  m agnitude to  absorb  th e  e n t i r e  change 
in  f i l t r a t i o n  r a t e  and f i l t e r e d  lo a d .  Thus in  th e se  ex p e rim en ts , a 
p a r t i a l  dependence o f  e x c r e t io n  r a t e  on changes in  f i l t r a t i o n  r a t e  
was o b serv ed .
E le c t r o ly te  E x c re t io n  P a t te r n s
F u rth erm o re , th e  e x c r e t io n  r a t e s  o f  th e  e l e c t r o l y t e s  a re  a f f e c te d  
a lm o st p r o p o r t io n a l ly  by th e  in c re a s e d  p r e s s u r e .  P o tassium  may be 
no rm ally  s e c re te d  by exchange w ith  sodium , b u t  under th e  c o n d itio n s  
u sed  h e re ,  e x c r e t io n  o f  b o th  c a t io n s  i s  d e c re a se d . The p o s s i b i l i t y  
rem ains t h a t  by d e c re a s in g  th e  amount o f  sodium a v a i la b le  f o r  exchange, 
th e  amount o f  po tassium  s e c re te d  i s  a ls o  red u ced . I t  i s  a ld o  p o s s ib le
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t h a t  th e  amount o f  each  e l e c t r o l y t e  s p i l l i n g  p a s t  th e  p rox im al 
tu b u le  In  th e  p re sen ce  o f  su cro se  I s  reduced  w ith  no Im pairm ent o f  
d i s t a l  s e c re tio n *
The c le a ra n c e  o f  calc ium  and sodium In  th e se  dogs fe d  P u r in a  
dog chow and h o rse  m eat ( s t a r t i n g  two to  fo u r  days b e fo re  th e  
experim en ts) and w a te r ad l ib i tu m  I s  v e ry  low , b e in g  l e s s  th a n  1 
p e r  c e n t o f  th e  f i l t e r e d  load* The h ig h  po tassium  c o n te n t o f  th e  m eat 
b e in g  fe d  to  dogs which had  n o t  been  adap ted  to  I t  may accoun t f o r  
th e  r e l a t i v e l y  h ig h  po tassium  c le a ra n c e .
The po tassium  c le a ra n c e , in  a l l  c a se s  b u t one c le a ra n c e  p e rio d , 
was g r e a te r  th a n  w a te r c le a ra n c e .  A lthough po tassium  may be a c t iv e ly  
reab so rb ed  w ith  i t s  s h e l l  o f  w a te r  o f  h y d ra tio n  m o le c u le s , I t  1b 
d i f f i c u l t  to  Imagine m in ia tu re  pumps, pumping w a te r and po tassium  
to g e th e r .  U n t i l  such mechanisms a re  shown, I t  seems m is le ad in g  to  
r e f e r  to  a c t iv e  hyp o -, h y p e r- to n ic  (o r  -o sm o tic ) r e a b s o rp t io n  o f  a 
su b s ta n c e . W ater and p o tassium  may be reab so rb ed  In  p ro p o r tio n s  
s im i la r  to  th o se  In  b lo o d , b u t to  c a l l  t h i s  iso m o tic  o r  i s o to n ic  
re a b s o rp t io n  im p lie s  a p a ss iv e  f i l t r a t i o n  o r  b u lk  t r a n s f e r .  The 
In c re a se d  e x c re t io n  o f  po tassium  r e l a t i v e  to  w a te r can  be a t t r i b u t e d  
to  s e c r e t io n ,  a c t iv e  w a te r re a b s o rp t io n , o r  a  d i f f e r e n t i a l  p a ss iv e  
re a b s o rp t io n  o f  w a te r a t  a  g r e a te r  r a t e  th a n  p o ta ss iu m .
P o tassium  and Hydrogen Exchange
In  experim ent 5 (T able  8a ) i t  w i l l  be n o ted  t h a t  th e  pH o f  th e  
u r in e  from  th e  ex p e rim en ta l k id n e y , under p re s s u re ,  i s  about pH 6 . 6 , 
w hereas th e  c o n tro l  k idney  u r in e  i s  about pH 7 .0 .  Thus, a lth o u g h  
a s  w i l l  be  shown below , th e  in c re a s e d  u r e t e r a l  p re s su re  caused  a
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d e c rea se d  e x c r e t io n  o f  a l l  th e  o th e r  su b stan ces  s tu d ie d ,  an in c re a se d
r e l a t i v e ,  i f  n o t  a b s o lu te ,  e x c re t io n  (o r  s e c re t io n )  o f  hydrogen io n s
o c c u rre d . Of co u rse  h y d ro ay l io n s  may be th e  a c t iv e ly  re a b so rb e d
component which d e te rm in es  th e  hydrogen io n  c o n c e n tra t io n , b u t  more
l i k e l y  t h i s  d em o n stra tes  th e  hydrogen-po tassium  exchange phenomenon
5
n o te d  by B e r l in e r ,  Kennedy, and O r lo f f .  They b e l ie v e  t h a t  a l l  o f  th e  
po tassium  in  u r in e  under norm al c o n d itio n s  i s  from  d i s t a l  s e c r e t io n ,  
b e in g  t r a n s p o r te d  by an exchange mechanism f o r  sodium, w ith  hydrogen 
s e c r e t io n  ( a c id i f i c a t io n )  b e in g  accom plished by th e  same mechanism 
and so in  co m p e titio n  f o r  s e c r e t io n .  I n h ib i to r s  such a s  ca rb o n ic  
anhydrose in h ib i to r  6063 cause a sh arp  d ec rea se  in  t i t r a t a b l e  a c id  
in  th e  u r in e  and an in c re a s e  in  po tassium  s e c r e t io n .  The a d m in is tra ­
t i o n  o f  po tassium  c h lo r id e  (and  o th e r  po tassium  s a l t s )  c au ses  s im ila r  
r e s u l t s .  A d e c rea se  in  e x c r e t io n  o f  po tassium  h as  b een  observed  in  
r e s p i r a to r y  a c id o s is .  In  experim en t 5 , i t  was n o ted  th a t  th e  hydrogen 
e x c r e t io n  In c re a s e s  (d e c rea sed  pH) w ith  a d ec rea sed  po tassium  
e x c r e t io n .  I f  B e r l in e r ,  Kennedy, and O rlo f f* s  h y p o th e s is  i s  t r u e ,  
t h i s  would im ply t h a t  th e  tu b u la r  a c t i v i t y  had been  changed, c au s in g  
an in c re a se d  exchange o f  hydrogen io n s  and a  d ec rea sed  exchange o f  
p o ta ss iu m . The k in e t i c s  o f  th e  system  may be such t h a t  such changes 
w i l l  o ccu r I f  th e  sodium a v a i la b le  f o r  exchange i s  d e c re a se d , a s  in  
th e se  ex p e rim en ts . S im ila r  changes in  pH o ccu rred  in  th e  o th e r  
ex p e rim en ts , b u t  th e  d a ta  a re  n o t a s  c l e a r .
5R. W. B e r l in e r ,  T. J .  Kennedy, and J .  O r lo f f ,  The r e l a t io n s h ip  
betw een p o tassium  e x c re t io n  and u r in e  a c i d i f i c a t i o n ,  p p . lV f -58  in :
A. A. G. Lewis and G. E . W. W olstenholme ( e d i t o r s ) , C iba F oundation  
Symposium on th e  Kidney (B oston : L i t t l e ,  Brown, and Company, 195*0 •
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E f f e c t  o f  S u cro se  D iu re s is
I t  w i l l  be  n o te d  In  F ig u re s  5 and 6 t h a t  su c ro se  cau se s  a  sharp  
In c re a s e  i n  th e  c le a ra n c e  o f  w a te r  ( a s  would be ex p ec ted ) b u t  a ls o  an 
In c re a s e  in  th e  e x c r e t io n  o f  th e  e l e c t r o l y t e s .  L i t t l e  e f f e c t  i s  n o ted  
a t  th e  low l e v e l s  o f  1  gm/kg prim e and 2 0 .5  mg/kg p e r  m inute in fu s io n .  
However, w ith  th e  lo a d in g  o f  250 ml o f  25 p e r  c e n t  su cro se  (6 2 .5  0 ns) 
a sh a rp  in c re a s e  i n  th e  c le a ra n c e  o f  a l l  o f  th e  e l e c t r o l y t e s  i s  
n o te d .  Under th e  c o n d it io n s  u sed  h e re  and w ith  th e  l im i te d  number 
o f  ex p erim en ts  p e rfo rm ed , th e  r e l a t i v e  s e n s i t i v i t y ,  in  te rm s o f  
c le a r a n c e ,  to  th e  osm otic  d i u r e t i c  c a u s in g  in c re a s e d  e x c r e t io n  
a p p ea rs  to  b e :
K ^HgO > P0^ = Mg > Ca = Na 
T h is  1b ab o u t th e  same o rd e r  o f  c le a ra n c e  v a lu e s  and s e n s i t i v i t y  to  
in c re a s e d  i n t r a r e n a l  p r e s s u r e .
The r e s u l t s  o f  ex p erim en t 2 (F ig u re 7 ) i n  w hich no d i u r e t i c  was 
u sed  a re  i n t e r e s t i n g .  The c le a ra n c e  r a t e s  f o r  th e  sodium , ca lc iu m , 
m agnesium, and w a te r  w ere p a r t i c u l a r l y  low . The s c a le  h a s  b een  
expanded i n  r e l a t i o n  to  F ig u re s  5 and 6 i n  o rd e r  to  p re s e n t  th e  graph 
i n  a  l e s s  muddled fo rm . W ith o u t th e  u se  o f  a  d i u r e t i c ,  ex cep t 
w h a tev er d i u r e t i c  e f f e c t  1  m g/kg-m in o f  c r e a t in in e  would im pose, th e  
w a te r  c le a ra n c e  was abou t 0 .1  m l/m in . The a p p l ic a t io n  o f  Uo cm 
u r in e  p re s s u re  had l i t t l e  e f f e c t  on th e  c le a ra n c e s .  About tw enty  
m in u te s  e la p s e d  b e fo re  th e  c a th e te r  was f i l l e d  to  a  h e ig h t  o f  ko cm 
and o n ly  ab o u t 1  m l o f  u r in e  had  flow ed  b e fo re  th e  c o l l e c t i o n  p e r io d  
(number 3) was s t a r t e d .  The c r e a t in in e  and p o tass iu m  c le a ra n c e s  
ap p eared  to  in c re a s e  (a b o u t 10 p e r  c e n t  f o r  c r e a t i n i n e ) ,  b u t  t h i s
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EXPT. 2  
EXPTL.
JCA ~  
I - /M '
S U C R O S E
F ig u re  7 . U rin a ry  c le a ra n c e e  o f  c r e a t in i n e ,  w a te r ,  and e l e c t r o l y t e s ,  
experim en t 2 ,  p re s su re  k id n e y .
lU . l  kg  fem ale dog . N. B. change in  c le a ra n c e  s c a le .
P e r io d s  1 -^ ,  no d i u r e t i c  a d m in is te re d  e x c e p t th e  c r e a t in in e  
g iv en  a t  1 mg/kg p e r  m inu te  i n  0 .5  m l w a te r  p e r  m in u te . 
P e r io d s  5 ”7> a  p rim ing  dose o f  70  m l o f  10 p e r  c e n t  su c ro se  
g iv en  a t  th e  b e g in n in g  o f  p e r io d  5« The c r e a t in in e  
in fu s io n  was m a in ta in e d .
P e r io d s  1 and 2 , c o n tr o l ;  3 , Uo cm u r in e  p r e s s u r e ,  s t a r t e d  
a t  th e  end o f  p e r io d  2 j 4 ,  re c o v e ry ; 5 , su c ro se  c o n t r o l ;  
6 , 1*0 cm u r in e  p re s s u re ;  7 , re c o v e ry .
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may "be due to  ex p e rim en ta l e r ro r*  A f iv e -m in u te  c o l le c t io n  p e r io d  
(n o t  shovn i n  th e  t a b le s  o r  g raphs) a t  th e  'beg inn ing  o f  th e  re co v ery  
p e r io d  showed about th e  same u r in a ry  c o n c e n tra tio n s  a s  th e  p rev io u s  
30-m lnute p re s su re  period*  When sucro se  i s  g iv e n , how ever, and th e  
p re s s u re  a p p lie d , th e  c h a r a c t e r i s t i c  d e c re a se s  in  e x c re t io n  a re  n o te d .
R e c a ll in g  th e  in fo rm a tio n  from th e  work o f  Win to n  su p p lie d  in  
th e  rev iew  o f  l i t e r a t u r e ,  which in d ic a te s  t h a t  th e  k idney  as  a f f e c te d  
by osm otic  d iu r e t i c s  h a s  an in c re a se d  in t r a r e n a l  p re s su re  and i s  th u s  
l e s s  s u s c e p tib le  to  in c re a se d  u r e t e r a l  p r e s s u re ,  i t  i s  d i f f i c u l t  to  
e x p la in  th e  n o n -d iu re t ic  p a r t  o f  t h i s  experim ent* The f i l t r a t i o n  
r a t e  and u r in e  flow  shou ld  have been  d e c re a se d . The p re s su re  was 
more th a n  adequate  in  r e l a t i o n  to  th e  f in d in g s  o f  e a r l i e r  w o rk e rs .^  
Does th e  norm al k idney  behave d i f f e r e n t ly  th a n  th e  k idney  in f lu e n c e d  
by  osm otic  d iu r e t ic s ?  C le a r ly ,  more ex p erim en ts  a re  in d ic a te d .
^L. S h a re , E f f e c t  o f  in c re a se d  u r e t e r a l  p re s su re  on r e n a l  
f u n c t io n ,  Am. J .  P h y s io l .  168 :97-106  (1 9 5 2 ) .
CHAPTER IV 
DISCUSSION
From th e se  d a ta ,  i t  may "be n o ted  t h a t  as  th e  f i l t r a t i o n  r a t e  i s  
sh a rp ly  d ec rea sed  by in c re a se d  u r e t e r a l  p re s s u re ,  th e  e x c r e t io n  o f  
th e  c a t io n s  i s  l ik e w ise  d e c re a se d , h u t  n o t  to  th e  same e x te n t  a s  th e  
d e c rea se  in  f i l t e r e d  lo a d . O ther w orkers ’^  have observed  t h a t  w ith  
sm all changes in  f i l t r a t i o n  r a t e ,  th e  change in  e x c re t io n  a lm o st 
eq u a ls  t h a t  o f  th e  d ecreased  f i l t e r e d  lo a d . F u r th e r ,  i t  may he n o te d  
from  th e  d a ta  p re se n te d  h e re  t h a t  su c ro se  d iu r e s i s  cau ses  an  In c re a se d  
c le a ra n c e  (and e x c re tio n )  o f  th e  e l e c t r o l y te s  w ith  l i t t l e  o r  no 
change in  f i l t r a t i o n  r a t e .  A l l  o f  th e se  d a ta  may he e x p la in e d  hy 
assum ing th a t  th e  r e a b s o rp t iv e  mechanism f o r  th e  e l e c t r o l y t e s  s tu d ie d  
and under th e  c o n d itio n s  u sed  a re  co n cen tra tio n -h fffco tfed . The r a t e  o f  
re a b s o rp t io n  ( i n  m illim o le s  p e r  m inu te) i s  th u s  p o s tu la te d  to  he 
dependent on th e  c o n c e n tra tio n  o f  th e  v a r io u s  e l e c t r o l y t e s  in  th e  
tu b u la r  u r in e  a t  th e  s i t e s  o f  r e a b s o rp t io n .
p
Shannon in  1939 p o s tu la te d  a tu b u la r  t r a n s p o r t  system  ( f o r  
tu b u la r  s e c re t io n )  which was c h a ra c te r iz e d  by th e  fo llo w in g  
r e a c t io n s :
-*See th e  rev iew  o f  l i t e r a t u r e ,  p p . 11-20 , and p a r t i c u l a r l y  th e  
work o f  E . E . S e lk u r t ,  M. B randforib rener, and H. M. G e l le r ,  E f f e c t s  
o f  u r e t e r a l  p re s su re  in c re a s e  on r e n a l  hemodynamics and th e  h a n d lin g  
o f  e l e c t r o l y te s  and w a te r , Am. J .  P h y s io l .  170 : 61-71  ( 1951) ;  and 
E . E . S e lk u r t ,  P h y s ic a l  f a c to r s  in  r e l a t i o n  to  e l e c t r o l y t e  and w a te r 
e x c r e t io n ,  T . Maoy Conf. R enal F u n c tio n  3:103-138 (1 9 5 2 ).
2J .  A. Shannon, R enal tu b u la r  e x c r e t io n ,  P h y s io l . Rev.  19:
63-93 (1 9 3 9 ).
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W here: A i s  th e  s o lu te  on  th e  p ro x im a l s id e  o f  th e  r e a c t io n  
B i s  th e  c e l l u l a r  t r a n s p o r t  e lem en t 
AB i s eth e  com plex form ed
Ts i s  th e  s o lu te  on  th e  d i s t a l  s id e  o f  th e  r e a c t io n
I t  w i l l  he  n o te d  t h a t  t h i s  i s  s im i la r  to  th e  ch em ica l r e a c t io n
system  p o s tu la te d  to  e x p la in  enzyme a c t io n  by th e  fo rm a tio n  o f  an
en zy m e-su b s tra te  com plex:-^
k22 . S 4* E '  .... j  E S ------► P +  E
W here: S i s  th e  s u b s t r a te
E i s  th e  enzyme system
ES i s  th e  e n z y m e -su b s tra te  complex
P  i s  th e  p ro d u c t form ed
k-j_, and k^ a re  r e a c t io n  r a t e  c o n s ta n ts  
The k i n e t i c s  o f  th e s e  two phenomena w i l l  be  c lo s e ly  s im i la r  i f  
i t  i s  assumed t h a t  th e  r e a c t io n  r a t e  o f  th e  fo rm a tio n  o f  a complex 
from  th e  su b s ta n c e s  on th e  d i s t a l  s id e  o f  th e  r e a c t io n  o f  Shannon’ s 
fo rm u la t io n  i s  n i l .  (By assum ing t h a t  th e  p ro p e r  enzyme system  i s  
n o t p r e s e n t  to  c a ta ly z e  th e  co m b in a tio n  o f  T and B o r  by n o t in g  t h a t  
s in c e  A i s  th e  same b e fo re  and a f t e r  t r a n s p o r t ,  th e  r e a c t io n  r a t e  o f  
th e  fo rm a tio n  o f  AB from  T s and B (on  th e  d i s t a l  s id e )  may be in c lu d e d  
in  th e  r e a c t io n  r a t e  f o r  th e  p ro x im a l s id e  o f  th e  r e a c t io n ,  t h i s  
c o n d it io n  may be r e a l i z e d . )
3 j .  B . Sumner and C. P .  Som ers, C hem istry  and M ethods o f  Enzym es. 
3 rd  e d i t i o n  (New Y ork: Academic P r e s s ,  I n c . ,  1953 ) ,  p p . 13
Shannon o b ta in s  a  w orking e q u a tio n  o f :
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3 .  K = ( a  -  Ts  /  V) Tm " Ti
* s
W here: a i s  th e  a r t e r i a l  c o n c e n tra t io n  o f  th e  s e c re te d  
su b stan ce  
Ts i s  th e  r a t e  o f  tu b u la r  e x c r e t io n  
Tm i s  th e  maximal r a t e  o f  e x c r e t io n  
V i s  th e  r a t e  o f  p lasm a flo w  
K i s  th e  e q u il ib r iu m  c o n s ta n t 
I t  w i l l  be  seen  t h a t  ( a  -  T_2V) i s  th e  c o n c e n tra t io n  a t  th e  s i t e  o fa
r e a b s o r p t io n .  D e s ig n a tin g  t h i s  a s  C„, and s o lv in g  f o r  T0 :0 O
U .  T b -  c b  T m  
K * C S
U sing  a  volume o f  r e f e r e n c e ,  Vr , th e  r a t e  o f  change in  c o n c e n tra t io n  
may be re p re s e n te d  a s  v :
5. v = t s /  vr  ^ P gJk -/ X ;
Cs + K
On th e  o th e r  han d , th e  r a t e  o f  r e a c t io n ,  i n  te rm s o f  r a t e  o f  
c o n c e n tra t io n  d e c re a se  in  a system  o f  c o n s ta n t  volum e, f o r  an 
enzym atic  system  r e a c t in g  th ro u g h  an  en zy m e-su b s tra te  complex i s : ^
6 . v = - 2.
W here: v  i s  th e  r a t e  o f  r e a c t io n
k ^ , k g , ko a re  r e a c t io n  r a t e  c o n s ta n ts  
Ce i s  th e  “enzyme c o n c e n tra t io n  
Cg i s  th e  s u b s t r a te  c o n c e n tra t io n
i s  th e  M ichaelis-M en ten  c o n s ta n t :  ^  ^3
k l
The M ichae lis-M en ten  c o n s ta n t i s  in v e r s e ly  r e l a t e d  to  th e  a f f i n i t y  o f  
th e  enzyme f o r  th e  s u b s t r a t e .
Now Tm /  Vr  would be th e  maximal r a t e  o f  change in  c o n c e n tra t io n
I b i d . . p p . 1 4 , 15 .
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i n  Shannon’ s fo rm u la tio n , -while k j  Cg i s  r e p r e s e n ta t iv e  o f  a  maximal 
r a t e  o f  c o n c e n tra tio n  change -when th e  c o n c e n tra tio n  o f  th e  s u b s t r a te  
i s  much g r e a te r  th a n  th a t  o f  th e  enzyme so t h a t  a l im i t in g  r a t e  o f  
r e a c t io n  o ccu rs  ( i . e . ,  zero  o rd e r  r e a c t io n ) .  Thus th e se  e q u a tio n s  
a re  s im i la r ,  i f  n o t i d e n t i c a l ;  Shannon’ s b e in g  d e riv e d  from e q u ilib r iu m  
c o n s ta n t c o n s id e ra t io n s ,  w h ile  th e  en zy m e-su b stra te  complex e q u a tio n  
i s  d e r iv e d  from chem ical k in e t i c  c o n s id e ra t io n s .
I f  th e  volume does n o t rem ain  c o n s ta n t ,  a s  i s  u s u a l ly  i f  n o t 
alw ays th e  case  s in c e  w a ter i s  re a b so rb e d , th e se  e q u a tio n s  would be 
c o m p lic a te d . I f  th e  w a te r i s  re ab so rb ed  a t  a lm ost th e  same r a t e  a s  
t h a t  o f  th e  c a t io n s  and o th e r  su b s ta n c e s , th e  r a t e  o f  r e a b s o rp t io n  
w i l l  be a lm ost c o n s ta n t a s  th e  f l u i d  flow s a long  th e  tu b u le ,  s in ce  
th e re  i s  b u t  l i t t l e  c o n c e n tra tio n  change. However, as  th e  w a ter 
re a b s o rp t io n  i s  l im i te d ,  aiid re a b s o rp t io n  o f  th e  su b s tan ces  c o n tin u e s , 
th e  c o n c e n tra t io n  w i l l  be d e c re a se d . D epending on th e  r e l a t i v e  
v a lu e s  o f  CB, Ce , and th e  v a r io u s  c o n s ta n ts ,  th e  r a t e  o f  r e a b s o rp t io n  
w i l l  th e n  be d e c rea se d .
I f  th e  r e n a l  r e a b s o rp t iv e  system s may be c h a r a c te r iz e d  by such 
a r e a c t io n  system , th e n  th e  fo llo w in g  c o n s id e ra t io n s  a re  e n ta i le d :
1 .  I f  th e  c o n c e n tra tio n  o f  th e  t r a n s p o r te d  su b s ta n c e , CB, i s  
r e l a t i v e l y  low i n  r e s p e c t  to  th e  v a lu e  o f  th e  M ich a e lis -M e n te n -lik e  
c o n s ta n t ,  E ^, so t h a t  Cg + (o r  Cg + K *  K ), th e n  th e
r e a c t io n  k in e t i c s  w i l l  be t h a t  o f  a  f i r s t  o rd e r  r e a c t io n  and w i l l  be 
dependent on th e  c o n c e n tra tio n  o f  th e  t r a n s p o r te d  su b stan ce  in  th e  
f l u i d  o f  th e  tu b u le  a t  th e  s i t e  o f  re a b s o rp t io n . Thus:
a .  I f  th e  f i l t e r e d  lo a d  i s  d ec rea sed  ( e . g . ,  in c re a s e d
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u r e t e r a l  p re s su re )  so t h a t  a sm a lle r  flo w  o f  f l u i d  and sm a lle r  amount 
o f  c a t io n  i s  p re se n te d  f o r  r e  ah s o rp t io n ,  th e  c o n c e n tra tio n  w i l l  he 
d e c rea se d  a t  a  g r e a te r  r a t e  and w i l l  ten d  to  g iv e  a low er f i n a l  
c o n c e n tra t io n . However, as th e  c o n c e n tra tio n  d e c re a se d , th e  r a t e  
i s  slowed and t h i s  te n d s  to  l i m i t  th e  re a h s o rp t lo n . I f  ( l )  th e  
d e c rea se  i n  f i l t r a t i o n  r a t e  and th u s  f i l t e r e d  lo a d  i s  m in u te , th en  
on ly  a  m inute d e c rea se  in  c o n c e n tra t io n  "beyond th e  c o n tr o l  c o n c e n tra ­
t i o n  o b ta in e d  w i l l  occur so t h a t  th e  r a t e  o f  re a h s o rp t lo n  w i l l  he 
e s s e n t i a l l y  th e  same. Thus, th e  tu h u la r  a c t i v i t y  w i l l  appear to  he 
c o n s ta n t and a lm ost a l l  o f  th e  m inute change in  f i l t e r e d  lo a d  w i l l  
he r e f l e c t e d  in  th e  d ec rea sed  e x c r e t io n .  T h is  e x p la in s  much o f  th e  
r e s u l t s  o b ta in e d  by S e lk u r t .  On th e  o th e r  hand , i f  (2) th e  d ec rea se  
i n  f i l t r a t i o n  r a t e  i s  r e l a t i v e l y  la r g e ,  as  i n  th e  experim en ts  
re p o r te d  h e re ,  a  low er c o n c e n tra tio n  w i l l  he o b ta in e d  w ith in  th e  
th h u le  lum en. ThiB w i l l  te n d  to  reduce  th e  r a t e  o f  re a h s o rp t io n  
and so th e  e n t i r e  change in  f i l t e r e d  lo a d  w i l l  n o t he absorbed  even 
though th e  d ec rea se  in  f i l t e r e d  lo a d  i s  s u f f i c i e n t  to  form  a 
c a t io n - f r e e  u r in e ,  i f  th e  tu b u le  a c t i v i t y  had been  c o n s ta n t .  Thus 
an  in te rm e d ia te  e f f e c t  i s  n o ted  whereby th e  change in  e x c re t io n  
p a r a l l e l s  th e  change in  f i l t e r e d  lo a d , b u t does n o t e q u a l i t .
b .  I f  th e  f i l t e r e d  lo a d  rem ains c o n s ta n t ,  b u t an ag en t i s  
added, such as  su c ro se , which a c ts  to  l i m i t  th e  w a te r re a b s o rp t io n ,  
th e  r e a b s o rp t io n  r a t e  i s  a g a in  l im i te d  by th e  low ered c a t io n  
c o n c e n tra tio n  and l e s s  (m illim o le s  p e r  second) i s  re a b so rb e d ,
^ S e lk u r t  e t  a l . ,  ojd .  c i t . (F o o tn o te  1)
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th e re b y  c au s in g  an in c re a s e d  e x c r e t io n .  Under th e  in f lu e n c e  o f  
sev e re  d iu r e s i s  whereby on ly  a  r e l a t i v e l y  sm all p a r t  o f  th e  w a te r  i s  
re a b so rb e d , th e  e f f ic a c y  o f  th e  r e a b s o rp t iv e  system  m igh t be  s tu d ie d  
where th e  volume te n d s  to  rem ain  more c o n s ta n t .  When w a te r i s  
re a b so rb e d  so t h a t  r e l a t i v e l y  c o n s ta n t  c o n c e n tra tio n s  a re  p r e s e n t ,  
l e s s  m e ta b o lic  work would be needed and maximal r a t e s  o f  r e a b s o rp t io n  
w i l l  be  n o te d . I f  th e  osm otic  d i u r e t i c s  cause  a  change i n  th e  > 
tu b u la r  m e tab o lic  a c t i v i t y  o r  s t r u c tu r e ,  th e  r e a c t io n s  w i l l  be 
co m p lica ted , o f  c o u rse .
2 .  I f  th e  c o n c e n tra t io n  o f  th e  su b stan ce  b e in g  re a b so rb e d  i s  
h ig h  r e l a t i v e  to  th e  v a lu e  o f  th e  M ich a e lis -M e n te n -lik e  c o n s ta n t ,  th e n  
th e  r a t e  o f  r e a b s o rp t io n  w i l l  be dependent on th e  c o n c e n tra t io n  o r  
amount o f  t r a n s p o r t  ag en t a v a i l a b le ,  Ce and th e  re a b s o rp t io n  
k in e t i c s  w i l l  be s im i la r  to  t h a t  o f  a zero  o rd e r  r e a c t io n .  The 
r a t e  o f  r e a b s o rp t io n  w i l l  be  indep en d en t o f  th e  s u b s t r a te  c o n c e n tra ­
t i o n  and a ty p ic a l  tu b u la r  maximum w i l l  be  o b se rv ed . T h is  m igh t 
o ccu r in  th e  case  o f  g lu c o se , -Where i t  can  be im agined t h a t  th e  
a f f i n i t y  o f  th e  t r a n s p o r t  a g en t f o r  th e  g lu co se  i s  l a r g e ,  th e re b y  
g iv in g  a  low M ich a e lis -M e n te n -lik e  c o n s ta n t .
The work o f  E g g le to n  e t  a l . i s  n o t  e x p la in e d  by  t h i s  h y p o th e s is .  
They found t h a t  when th e  a r t e r i a l  p re s su re  was in c re a s e d  to  g iv e  
c o n t r o l  r a t e s  o f  u r in e  flow  from  an i s o la t e d  k idney  a f f e c te d  by an 
in c re a s e d  u r e t e r a l  p re s s u re ,  t h a t  th e  f i l t r a t i o n  r a t e ,  a s  m easured
^M. G. E g g le to n , J .  R . Pappenheim er, and T . R . W inton , The 
r e l a t i o n  betw een u r e t e r ,  venous, and a r t e r i a l  p re s s u re s  in  th e  
i s o la te d  k idney  o f  th e  dog, J .  P h y s io l . 99*135-52 (1 9 ^ 0 ) .
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by c r e a t in in e  c le a ra n c e ,  was l 6 ±  U p e r  c e n t low er th a n  th e  c o n t r o l  
v a lu e . .  T h is ,  th ey  f e e l ,  in d ic a te s  t h a t  e i t h e r :  ( l )  w a te r  r e a b s o r p t io n  
i s  in h ib i te d  by th e  in c re a s e d  u r e t e r a l  p re s s u re ;  o r  (2 ) th e  " in c re a s e d  
u r e t e r  p re s s u re  may in c re a s e  leak ag e  o f  f u l l y  form ed o r n e a r ly  f u l l y  
form ed u r in e  from  th e  d i s t a l  segm ents o f  th e  tu b u le s  in to  th e  b lo o d  
s tre a m ."  In  th e s e  ex p e rim en ts , th e  flo w  was k e p t c o n s ta n t by 
chang ing  th e  a r t e r i a l  p r e s s u r e ,  and a lth o u g h  th e  c r e a t in in e  c le a ra n c e  
d i f f e r e d ,  th e  c h lo r id e  c o n c e n tra t io n  and c o n d u c tiv ity  o f  th e  u r in e  
rem ained  c o n s ta n t ,  in d ic a t in g  e q u a l e l e c t r o ly te  e x c r e t io n s  w ith  
d e c re a se d  f i l t e r e d  lo a d . W ith th e  h y p o th e s is  p re s e n te d  h e r e ,  th e  
d e c rea se d  f i l t e r e d  lo a d  sh o u ld  have caused  a d ec rea se  i n  e l e c t r o l y t e  
e x c r e t io n .  By chang ing  th e  a r t e r i a l  p re s su re  and by u s in g  i s o l a t e d  
k id n e y s , th e  r e n a l  r e a b s o rp t iv e  mechanism may w e ll  be changed , how ever.
In  l i g h t  o f  th e  c a p a c ity  o f  th e  tu b u le s  to  s e c re te  p o ta ss iu m , 
sodium , and hydrogen in to  th e  tu b u la r  lumen, th e  p o s s i b i l i t y  rem ain s  
t h a t  under more n o rm al, n o n -d iu r e t ic  c o n d it io n s , th e  sm all amount o f  
f l u i d  le a v in g  th e  t h in  lo o p  and e n te r in g  th e  d i s t a l  tu b u le  i s  a lm o st 
f r e e  o f  sodium, p o ta ss iu m , ca lc iu m , magnesium, and p h o sp h a te , and 
c o n ta in s  o n ly  such w aste  p ro d u c ts  a s  u re a  and c r e a t in i n e .  I f :  (a )  
th e  u r e t e r a l  p re s s u re  a c t s  o n ly  to  reduce  f i l t r a t i o n  r a t e ;  and (b ) 
th e  p ro x im al tu b u le  r e a b s o rp t iv e  mechanisms a re  c o n c e n tra t io n  a f f e c t e d  
a s  p o s tu la te d  above, th e n  under th e  in f lu e n c e  o f  osm otic  d i u r e t i c s  
more f l u i d  m igh t flo w  o u t o f  th e  p rox im al tu b u le  and th in  lo o p  
becau se  o f  th e  osm otic  h o ld in g  o f  w a te r . Thus, l a r g e r  volumes 
o f  t h i s  f l u i d  c o n ta in in g  sm all amounts o f  th e  e l e c t r o l y t e s  
would th u s  s p i l l  ov er in to  th e  d i s t a l  system  and cause  in c re a s e d
amounts to  "be e x c re te d  In  th e  u r in e .  Under n o n -d iu r e t ic  c o n d it io n s , 
how ever, when th e  m a jo r i ty  o f  th e  c a t io n s  in  th e  u r in e  m igh t he due 
to  d i s t a l  s e c r e t io n ,  an  in c re a se d  u r e t e r a l  p re s su re  s u f f i c i e n t  to  
d e c re a se  th e  g lo m eru la r f i l t r a t i o n  r a t e  would have h u t l i t t l e  
e f f e c t  on e l e c t r o l y t e  e x c re t io n  as  was n o ted  in  experim en t 2 , o r  
a s  n o te d  hy E g g le to n  e t  a l .  C ontinued  e x p e rim en ta tio n  i s  in d ic a te d .
CHAPTER V 
SUMMARY AND CONCLUSIONS 
D uring  63 u r in e  c o l le c t io n  p e r io d s  In  fo u r  m ongrel dogs, th e  
c o n c e n tra t io n s , u r in a ry  r a t e s  o f  e x c r e t io n ,  and c le a ra n c e s  were 
de term ined  f o r  magnesium, ca lc iu m , w a te r , exogenous c r e a t in in e ,  
sodium, p o tass iu m , and p h o sp h ate . Plasm a p r o te in  c o n c e n tra tio n s  
and plasm a and u r in e  pH 's were de term ined  in  m ost o f  th e  ex p erim en ts . 
The u r e te r s  were exposed and can n u la ted  w ith  p o ly e th y le n e  tu b in g .
By r a i s in g  th e  t i p  o f  th e  c a th e te r  from  th e  ex p e rim en ta l k idney  Uo 
o r 60 cm above th e  k id n ey , th e  e f f e c t s  o f  in c re a se d  u r e t e r a l  p re s su re  
w ere s tu d ie d .  Sucrose was u sed  a s  an  osm otic  d iu r e t i c  and i t s  e f f e c t s  
on e x c re to ry  p a t te r n s  w ere n o te d .
I t  was found t h a t  acu te  in c re a s e s  o f  u r e t e r a l  p re s su re  to  60 cm 
u r in e  caused  a  d ec rea sed  e x c re t io n  o f  c r e a t in in e ,  w a te r , magnesium, 
ca lc iu m , sodium, p o ta ss iu m , and p h o sp h a te . T h is  d ec rea sed  e x c re t io n  
i s  n o t p r im a r i ly  due to  r e n a l  p e lv is  expansion  o r  leak ag e  o f  f u l l y  
form ed u r in e ,  s in c e  th e  c r e a t in in e  c o n c e n tra tio n  in  th e  u r in e  
in c re a s e s ,  w hereas th e  e l e c t r o l y te  c o n c e n tra tio n s  d e c rea se  under th e  
in f lu e n c e  o f  in c re a se d  p re s s u re .  The change in  e x c re t io n  canno t be 
a t t r i b u t e d  to  th e  change o f  f i l t r a t i o n  r a t e  w ith  c o n s ta n t tu b u la r  
re a b s o rp t io n , s in ce  th e  changes observed  in  f i l t r a t i o n  r a t e  anfl th u s  
f i l t e r e d  lo a d  a re  much la r g e r  th a n  th e  changes in  e x c r e t io n .  On th e  
o th e r  hand , th e re  was observed  a dependence o f  e x c r e t io n  on f i l t r a t i o n  
r a t e .  In  term s o f  c le a ra n c e , th e  e x c re t io n  o f  th e  su b stan ces  s tu d ie d  
was a f f e c te d  i n  th e  fo llo w in g  o rd e r :
Cr »  K £  H2O > POlv = Mg > Ca =■ Na.
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C alcium  and sodium c le a ra n c e s  were lo w e st and w ere l e a s t  a f f e c te d  by 
changes in  f i l t r a t i o n  r a t e s .  The u r in a ry  e l e c t r o l y t e  c o n c e n tra t io n  
and e x c r e t io n  r a t i o s  o f  th e  e x p e r im en ta l (p re s s u re )  to  c o n t r o l  k idney  
were a f f e c te d  s im i la r ly .
Sucrose  d iu r e s i s  caused  an in c re a s e d  c le a ra n c e  o f  w a te r  a s  would 
he e x p ec te d , h u t ,  i n  amounts c au s in g  u r in e  flow s o f  3 -8  m l/m in  p e r  
k id n e y , i t  a ls o  caused  an  in c re a s e d  c le a ra n c e  and e x c r e t io n  o f  a l l  
o f  th e  e l e c t r o l y t e s  s tu d ie d .  The change in  e x c r e t io n  and c le a ra n c e  
o f  sodium and calc ium  i s  p a r t i c u l a r l y  m arked.
The r e s u l t s  o f  th e s e  exp erim en ts  were d is c u s s e d  in  r e l a t i o n  to  
th e  h y p o th e s is  t h a t  th e  r e n a l  t r a n s p o r t  mechanisms a re  c h a r a c te r iz e d  
hy th e  r e v e r s ib le  fo rm a tio n  o f  a  s u h s ta n c e - t r a n s p o r t -a g e n t  complex 
w hich d i s s o c ia te s  to  form  th e  t r a n s p o r t  ag en t and th e  t r a n s p o r te d  
su b stan ce  which th e n  d i f f u s e s  away from  th e  s i t e  o f  r e a h s o r p t lo n .
I f  th e  a f f i n i t y  o f  th e  e l e c t r o l y t e s  f o r  th e  t r a n s p o r t  a g en t i s  low , 
so t h a t  th e  r a t e  o f  r e a h s o rp t lo n  i s  p ro p o r t io n a l  to  th e  e l e c t r o l y t e  
c o n c e n tra tio n  a t  th e  s i t e s  o f  r e a h s o rp t lo n ,  th e n  th e  r e s u l t s  o f  
th e se  experim en ts  may he e x p la in e d .
The p o s s i b i l i t y  rem ains t h a t  under norm al c o n d i t io n s ,  a l l  o f  
th e  e l e c t r o l y t e s  s tu d ie d  a re  a lm o st co m ple te ly  re a b so rb e d  i n  th e  
p rox im al tu b u le ,  h u t u n d er th e  in f lu e n c e  o f  osm otic  d i u r e t i c s  c au s in g  
l a r g e r  r a t e s  o f  flo w  from  th e  p ro x im al tu b u le ,  th e s e  e l e c t r o l y t e s  
a re  s p i l l e d  over due to  l e s s  fa v o ra b le  c o n c e n tra t io n  g r a d ie n ts  and 
tim e f o r  r e a b s o rp t io n .  In c re a s e d  u r e t e r a l  p r e s s u re ,  by p r im a r i ly  
d e c re a s in g  th e  f i l t r a t i o n  r a t e ,  would th u s  cause  a d e c re a se d  e x c r e t io n  
when d iu r e t i c s  w ere u sed  b u t no change in  th e  absence o f  d i u r e t i c s  as
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was o b serv ed  i n  one ex p erim en t.
The h y p o th e s is  o f  B e r l in e r ,  Kennedy, and Orloff-*- t h a t  p o tass iu m  
and hydrogen  a re  s e c re te d  i n  c o m p e titio n  i s  su p p o rte d . I t  was n o te d  
t h a t  th e  hydrogen  io n  c o n c e n tra t io n  in c re a s e d  (d e c re a se d  pH) w hereas 
th e  p o tass iu m  u r in a ry  c o n c e n tra t io n  d e c re a se d  under th e  in f lu e n c e  o f  
in c re a s e d  u r e t e r a l  p r e s s u r e .  The p o tass iu m  c le a ra n c e ,  u s u a l ly  b e in g  
g r e a te r  th a n  t h a t  o f  w a te r ,  p a r a l l e l e d  changes i n  f i l t r a t i o n  r a t e .  
Because o f  t h i s  p a r a l l e l  r e l a t i o n s h ip ,  i t  i s  d i f f i c u l t  to  im agine, 
u n d e r th e  c o n d itio n s  u se d , t h a t  a l l  o f  th e  u r in a r y  po tass iu m  was 
s e c re te d  d i s t a l l y .  I f  th e  d i u r e t i c  u sed  cau sed  a s p i l l - o v e r  o f  
p o tass iu m  from  th e  p ro x im al tu b u le ,  th e  r e s u l t s  a re  com patib le  
w ith  th e  d i s t a l  s e c r e t io n  th e o ry .
The c le a ra n c e  r a t e s  and p a t t e r n s  o f  e x c r e t io n  o f  calc ium  a re  
s im i la r ,  i n  th e s e  ex p e rim en ts , to  th o se  o f  sodium , w hereas th e  
e x c r e t io n  p a t te r n s  o f  magnesium and p o ta ss iu m  a re  s im i la r .  
C o n clu sio n s
I t  i s  concluded  t h a t  a cu te  in c re a s e d  u r e t e r a l  p re s s u re  i n  th e  
p re se n c e  o f  osm otic  d iu r e s i s  c a u s in g  a d e c re a se d  f i l t r a t i o n  r a t e  
cau se s  a d e c re a se d  e x c r e t io n  o f  e l e c t r o l y t e s  and w a te r .  W ith th e  
d e c re a se d  f i l t e r e d  lo a d s  o b se rv ed , th e  tu b u la r  r e a b s o rp t io n  i s  
n e i t h e r  c o n s ta n t  n o r does i t  fo llo w  co m p le te ly  th e  change in  
f i l t r a t i o n  r a t e .  M oderate su c ro se  d iu r e s i s  c au se s  an  in c re a s e d  
e x c r e t io n  o f  a l l  o f  th e  e l e c t r o l y t e s  s tu d ie d .  These r e s u l t s  can  be 
e x p la in e d  by p o s tu la t in g  t h a t  th e  r a t e s  o f  r e a b s o rp t io n  f o r  th e  
e l e c t r o l y t e s  s tu d ie d  and under th e  c o n d it io n s  u sed  a re  p ro p o r t io n a l
^ B e r l in e r ,  Kennedy, and O r lo f f ,  0£ .  c i t .  (p p . 102, 1 0 3 ).
to  th e  c o n c e n tra t io n  o f  th e  e l e c t r o l y t e s  a t  th e  s i t e s  o f  re a h so rp tio n *  
The e x c re to ry  p a t t e r n  o f  calc ium  resem b les  t h a t  o f  sodium, w h ile  
t h a t  o f  magnesium p a r a l l e l s  more n e a r ly  th e  e x c re t io n  p a t te r n  o f  
potassium *
AJIENDIX A
STUDIES OK THE FLAME SFECTOOPHOTOMEIEIC DETERMIKATION
OF CALCIUM, MAGNESIUM, SODIUM, AND POTASSIUM
In tr o d u c t io n  and Review o f  L i te r a tu r e
S tu d ie s  co n cern in g  magnesium and calc ium  m etabolism  have been
se v e re ly  l im i te d  by th e  la c k  o f  s e n s i t iv e ,  a c c u ra te ,  and r e l i a b l e
m ethods f o r  th e  d e te rm in a tio n  o f  th e se  c a t io n s  In  sm all sam ples o f
b io lo g ic a l  m a te r ia l .  One o f  th e  m ost common m ethods u sed  f o r  th e
d e te rm in a tio n  o f  magnesium i s  th e  p r e c ip i t a t i o n  o f  magnesium as
magnesium ammonium  phosphate  and th e  subsequent d e te rm in a tio n  o f
th e  phosphate  w ith  th e  molybdenum b lu e  r e a c t io n .  Sim onsen, W estover,
and Wertman1 in  19^7 re p o r te d  an  average e rro r  o f  0 .5  p e r  c e n t u s in g
th e  m olybdivanadate method f o r  p h o sp h ate . T h is  m ethod, how ever,
r e q u i r e s  extrem e c a r e ,  and i s  tim e consum ing, f o r  calc ium  m ust be
co m p le te ly  removed a s  w e ll  as any o th e r  e lem en ts  p r e c ip i t a t e d  w ith
th e  p h o sp h a te . A l l  ex cess  phosphate m ust th e n  be rem oved. A lthough
c o - p r e c ip i ta t io n  e r r o r s  would be " c o rre c te d "  by p r e c ip i t a t e  w ashing
lo s s e s ,  t h i s  form o f  com pensation i s  h ig h ly  u n d e s ir a b le .  F u rth erm o re , 
2
S n e l l  and S n e l l  r e p o r t  t h a t  th e  magnesium ammonium phosphate  
s o lu t io n s  te n d  to  become s u p e rsa tu ra te d  -  a  f u r th e r  source  o f  e r r o r .
1D . G. Sim onsen, L. M. W estover, and M. Wertman, The d e te rm in a ­
t i o n  o f  serum magnesium by th e  m oljtd ivanadate method f o r  p h o sp h a te ,
J .  B io l . Chem. 169:39-^7 (1 9 ^ 7 ).
2F . D. S n e l l  and C . T . S n e l l ,  C o lo rim e tr ic  Methods o f  A n a ly s is . 
Volume H ,  T h ird  e d i t io n  (New Y ork: D. Van K ostrand  C o ., I n c . ,  1 9 ^9 ).
p p . 625 / 626 .
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Magnesium h as  a ls o  "been d e term ined  i n d i r e c t l y ,  by determ i n i ng  
th e  p r e c ip i t a t e d  o r  ex cess  o f  8 - q u in o l in o l  a f t e r  magnesium p r e c i p i t a ­
t i o n  a s  th e  q u in o lin a te  ( e .g .  Hoffman, 1937^)• T h is  p r e c ip i t a t i o n
a g e n t, how ever, a ls o  p r e c ip i t a t e s  m ost o f  th e  o th e r  d iv a le n t  c a t io n s .
k
F urtherm ore  th e  p r e c ip i t a t e  i s  ve ry  l i g h t ,  making w ashing d i f f i c u l t .
The T i ta n  y e llo w  method a s  Improved and m o d ified  by Orange and  
R hein^ i s  o f  adequate  s e n s i t i v i t y ,  b u t i s  o f  on ly  f a i r  r e p r o d u c ib i l i ty  
and a cc u ra cy . They r e p o r t  t h a t  th e  r e p r o d u c ib i l i ty  on re p e a te d  
d e te rm in a tio n  o f  a  sample o f  serum i s  abou t 5 p e r  c e n t .  I t  i s  an  
e m p ir ic a l  method dependent on te m p e ra tu re , and a f f e c te d  by th e  p re sen ce  
o f  f e r r i c  and fe r ro u s  i ro n  (removed by c u p fe rro n  by Orange and R h e in ) , 
calc ium  in  calc ium  to  magnesium r a t i o s  g r e a te r  th a n  f i v e ,  and 
p h o sp h a te , among o th e r  th in g s .^  P r im a r ily  because th e  method i s  
b ased  upon th e  a d so rp tio n  o f  th e  magnesium hydrox ide  on th e  dye to  
form  a  la k e ,  th e  o p t i c a l  d e n s ity  v e rsu s  c o n c e n tra t io n  r e l a t io n s h ip  
d e v ia te s  from l i n e a r i t y  beyond a l im i te d  ra n g e .
In  19^6, Schwarzeribach^ d e sc r ib e d  th e  use  o f  c h e la t in g  a g en ts  
such a s  e th y le n e d ia m ln e te tra a c e tic  a c id  (EEEA, V ersen e , S e q u e s tren e )
^W. S . Hoffman, A c o lo r im e tr ic  method f o r  th e  d e te rm in a tio n  o f  
serum magnesium b ased  on th e  hyd ro x y q u in o lin e  p r e c i p i t a t i o n ,  J .
B io l .  Chem. 1 1 8 : 3 7 ( 1 9 3 7 )  •
^ S n e ll  and S n e l l ,  op . c i t . . p p . 620-23 (F o o tn o te  2)
% .  Orange and H. C . R h ein , M ic ro es tim a tio n  o f  magnesium in  
body f l u i d s ,  J .  B io l . Chem. 189:379-86 (1 9 5 1 ).
6S . S . Shraibm an, C o lo rim e tr ic  d e te rm in a tio n  o f  magnesium w ith  
T i t a l  Y ellow , Zavodskava Lab. 13 :930-3^ (1 9 ^ 7 ) . (Chem. A b s t.  M ^l+O lh)
^G. Schwarzeribach, New m ethods f o r  d e te rm in in g  c a t io n s ,  B e lv . 
Chlm.  A cta  29:1338  ( i n  F rench) (1 9 ^ 6 ). ( Chem. A b s t. 4 l:3 5 0 b )
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and I n d ic a to r s  w hich w ere s p e c i f i c  f o r  th e  c a t io n  i n  q u e s t io n .
Q
F r e i e r  rev iew ed  th e  l i t e r a t u r e  on th e  u se  o f  EDTA f o r  th e  d i r e c t  
t i t r a t i o n  o f  ca lc ium  and m agnesium  in  1953* S in ce  th e n  th e  l i t e r a t u r e  
h a s  grown r a p id ly  in  v o lum e. Two m ajo r problem s d e t r a c t  from  th e  
u s e fu ln e s s  o f  t h i s  s im ple  a n d  s e n s i t iv e  m ethod. The in d ic a to r s  u sed  
a t  p re s e n t  te n d  to  fad e  r a p i d l y .  More im p o r ta n t, becau se  o f  th e  h ig h  
pH r e q u i r e d ,  ca lc ium  and m agnesium  p r e c i p i t a t e ,  as  th e  p h o sp h a te , 
e x c e p t a t  low p h osphate  l e v e l s .  Mason^ so lv ed  th e  problem  by u s in g  
a n io n  exchange columns to  rem ove th e  p h o sp h a te . By u s in g  a  s p e c tro ­
pho tom eter a s  d e sc r ib e d  by  F a les^®  and th e re b y  in c re a s in g  th e  
s e n s i t i v i t y  so t h a t  h ig h  d i l u t i o n s  c o u ld  be u s e d , Kenny and 
T o v e ru d ^  were a b le  to  r e p o r t  n o n - in te r f e r e n c e  o f  ph o sp h ate  when 
d e te rm in in g  serum c a lc iu m . Magnesium i s  u s u a l ly  d e te rm in ed  by 
d i f f e r e n c e  by  u s in g  E rio ch ro m e b la c k  T f o r  t o t a l  magnesium and ca lc ium
T O
c o n te n t and th e n  by u s in g  M urexlde to  d e te rm in e  th e  c a lc iu m . The 
problem  o f  p h osphate  i n t e r f e r e n c e ,  how ever, p re s e n ts  d i f f i c u l t i e s  i f  
a sim ple  te ch n iq u e  i s  to  b e  d e v ise d  f o r  sam ples such a s  u r in e ,  when
^E. F r e i e r ,  R ecen t d ev e lo p m en ts  in  c l i n i c a l  c h e m is try , Am. J .
Med.  T ech n o l.  19 :73-77  (1 9 5 3 ) .
g
A. S .  Mason, D e te rm in a tio n  o f  sm all amounts o f  ca lc ium  in  p la n t  
m a te r i a l s ,  A n a ly s t 7 7 : 529-33 (1 9 5 2 ).
1°F . W. F a le s ,  A m icrom ethod  f o r  th e  d e te rm in a tio n  o f  serum 
ca lc iu m , J .  B io l . Chem. 2 0 4 :5 7 7 -8 5  (1 9 5 3 ) .
-*-*-A. D. Kenny and S . U . T overud , N o n in te rfe re n c e  o f  phosphate  
i n  e th y len ed iam in e  t e t r a a c e t a t e  m ethod f o r  serum ca lc iu m , A n a l. Chem. 
26:1059 (195*0.
■*■%£. G r e t te ,  M icrom ethod f o r  ca lc iu m  and magnesium i n  serum, 
Scand .  J .  C l in ,  and Lab. I n v e s t .  5:151-5*+ (1 9 5 3 ) .
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th e r e la t iv e  phosphate con cen tration  I s  h ig h .
P ro b ab ly  th e  m ost w id e ly  u sed  m ethods f o r  th e  d e te rm in a tio n  o f
calc ium  a re  b ased  on th e  p r e c ip i t a t i o n  as  th e  o x a la te .  The v a r io u s
1 ^ 1^ m o d if ic a tio n s  a re  rev iew ed  by S n e l l  and S n e l l .  J  Sm ith e t  a l .  have
shown th a t  magnesium and p r o te in  con tam inate  th e  calcium  o x a la te  and 
le a d  to  s ig n i f i c a n t  e r r o r s  when th e  o x a la te  i s  t i t r a t e d  w ith  
perm anganate . A lthough S e n d r o y ^ - 5  r e p o r t s  no e r r o r  from  c o -p re c ip i ta t io n  
o f  p r o te in ,  S n e l l  and S n e l l ^  d e sc r ib e  th e  d i f f i c u l t y  o f  p re v e n tin g  
magnesium c o - p r e c ip i t a t io n .  Because o f  th e se  problem s and because  o f  
th e  r a p id i ty  and advah tgges o f  u s in g  th e  same tech n iq u e  to  determ ine  
a l l  fo u r  o f  th e  m ajor c a t io n s ,  in v e s t ig a t io n s  were made co n cern in g  
th e  flam e sp ec tro p h o to m etr ic  d e te rm in a tio n  o f  th e se  c a t io n s .  The 
d e te rm in a tio n  o f  sodium and p o tassium  by flam e ppectropho tom etry  
i s  w ide ly  u sed  p r im a r i ly  because  o f  th e  s e n s i t i v i t y  and ease  o f  th e  
flam e sp ec tro p h o to m e tr ic  m ethod, i n  com parison to  g ra v im e tr ic  o r 
c o lo r im e tr ic  p ro ced u res  f o r  th e se  c a t i o n s .  I f  m inor p re c a u tio n s  a re  
ta k e n  i n  th e  s e le c t io n  and u se  o f  th e  flam e p h o to m ete r, th e  rep ro d u c ­
i b i l i t y  and accu racy  a re  o f  an o rd e r  which i s  adequate  f o r  a lm ost a l l  
b io lo g ic a l  d e te rm in a tio n s  o f  sodium and p o tass iu m  c o n c e n tra t io n s .
T O
S n e l l  and S n e l l ,  op . c i t . , p p . 592-96 (F o o tn o te  2) 
lUR . G. Sm ith , P . C ra ig , E . J .  B ird , A. J .  B oy le , L. T . I s e r i ,
S .  D. Jaco b so n , and G. B . % e r s ,  S p ec tro ch em ica l v a lu e s  f o r  sodium, 
p o ta ss iu m , i r o n ,  magnesium, and calc ium  in  norm al human p lasm a, Am.
J .  C l in . P a th . 20 : 263-72  (1 9 5 0 ).
■ ^J. Sendroy , J r . ,  D e te rm in a tio n  o f  serum calc ium  by 
p r e c ip i t a t i o n  w ith  o x a la te ,  J .  B io l . Chem. 152 : 539-56  ( 19I& ).
S n e l l  and S n e l l ,  op . c i t . ,  p .  592 (F o o tn o te  2)
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The problem  o f  in te r f e r e n c e  has l im i te d  th e  u s e fu ln e s s  o f  th e  flam e 
sp ec tro p h o to m etr ic  method f o r  a c c u ra te  d e te rm in a tio n  o f  th e  m ajor 
b io lo g ic a l  c a t io n s ,  how ever. A d is c u s s io n  o f  t h i s  in te r f e re n c e  
th e re fo re  seems to  be in  o i-der.
A ccuracy and Reproduc ib  i l i t y
I f  a flam e sp ec tro p h o to m etr ic  o r  any o th e r  chem ical d e te rm in a tio n  
i s  to  be m ean in g fu l, some assessm en t o f  i t s  accuracy  and re p ro d u c ib ility  
m ust be a v a i l a b le .  The e v a lu a tio n  o f  accuracy  i s  p a r t i c u la r ly  
im p o rtan t in  flam e sp ec tro p h o to m etric  d e te rm in a tio n s , f o r  th e  
r e p r o d u c ib i l i ty  may be s a t i s f a c to r y ,  w h ile  th e  accu racy , dufe to  
v a r io u s  i n t e r f e r e n t s ,  i s  d is tu rb in g ly  low . By rep roduc ib  i l l t y  i s  
m eant th e  n e a rn ess  to  th e  same v a lu e  which i s  o b ta in ed  when re p e a te d  
d e te rm in a tio n s  a re  made on an a l iq u o t  o f  th e  same sam ple, i . e . ,  
p r e c is io n .  A ccuracy i s  ta k en  to  mean th e  d e v ia t io n  from th e  t r u e  
v a lu e  which should  be o b ta in e d .
The assessm en t o f  r e p r o d u c ib i l i ty  i s  e a s i ly  made by ta k in g  a 
sample which i s  a s  homogeneous as p o s s ib le ,  d iv id in g  i t  in to  
a l iq u o ts ,  and making re p e a te d  d e te rm in a tio n s  on th e se  a l iq u o t s .
From th e  r e s u l t s  o b ta in e d , th e  s ta n d a rd  d e v ia t io n  may be c a lc u la te d .  
T h is  p ro v id es  a s t a t i s t i c a l  and o b je c t iv e  in d ic a t io n  o f  th e  v a r i a b i l i t y  
which may be ex p ec ted  from th e  u se  o f  t h i s  m ethod. P robab ly  th e  most 
h e lp f u l  form in  which t h i s  expec ted  v a r i a b i l i t y  may be ex p reseed  i s  
i n  term s o f  c o e f f ic ie n t  o f  v a r i a b i l i t y ,  i . e . ,  th e  s ta n d a rd  d e v ia t io n  
d iv id e d  by th e  mean v a lu e  o b ta in e d . When t h i s  i s  u sed , th e  r e s u l t i n g  
e s tim a te  o f  v a r i a b i l i t y  i s  th e n  independent o f  a b so lu te  m agnitude 
o f  th e  d e te rm in a tio n .
A sse ss in g  th e  accuracy  o f  a  d e te rm in a tio n , h o v ev er, i s  much 
more d i f f i c u l t .  The source o f  in accu racy  may he d iv id e d  in to  two 
p a r t s ,  however: background and enhancement ( i . e . ,  r a d i a t i o n  i n t e r ­
f e r e n c e ) .  These a re  a p p lic a b le  n o t o n ly  to  flam e sp e c tro p h o to m e tr ic  
p ro c e d u re s , b u t to  th e  u s u a l  chem ical d e te rm in a tio n s  as w e l l ,  a lth o u g h  
a l l  e r r o r s  a re  n o t in c lu d e d . Background o ccu rs  when some o th e r  
su b stan ce  o r  c o n d itio n  in  th e  a n a ly s is  g iv e s  an  In d ic a t io n  o r 
r e a c t io n  w hich i s  th e  same a s  t h a t  o f  th e  su b stan ce  under s tu d y . 
R eagen t b la n k s  a re  commonly used  to  c o r r e c t  p a r t  o f  th e  background 
e r r o r  in  c o lo r im e tr ic  a n a ly s i s .  In  flam e pho tom etry , t h i s  i s  
lu m in o s ity  w hich r e s u l t s  from  e x c ite d  atoms o r  p a r t i c l e s  o th e r  th a n  
th o se  o f  th e  e lem ent in  q u e s tio n . The B p e c tra l continuum  due to  
sodium and p r o te in  and o f  th e  flam e i t s e l f  i s  a  ty p e  o f  background 
e r r o r  which can  be c o r re c te d  f o r .  The background so u rces  o f  e r r o r  
from  su b stan ces  in  th e  sample i t s e l f  a re  d i f f i c u l t  to  d e te c t  i f  a 
sample o f  th e  unknown cannot be o b ta in e d  which i s  i d e n t i c a l  to  th e  one 
in  q u e s tio n  b u t  which does n o t c o n ta in  th e  su b stan ces  b e in g  t e s t e d  
f o r .  For exam ple, r e a c t io n s  from c r e a t in i n e - l i k e  su b s ta n c es  form a 
background which in te r e f e r e s  m arkedly w ith  th e  d e te rm in a tio n  o f  
endogenous c r e a t in in e .  L ikew ise , n o n -g lucose  re d u c in g  su b sta n c es  in  
u r in e  o r  plasm a i n t e r f e r e  w ith  th e  g lu co se  d e te rm in a tio n s  w hich a re  
b ased  on th e  red u c in g  a c t io n  o f  g lu c o se . In  flam e sp ec tro p h o to m etr ic  
d e te rm in a tio n s , th e  background assessm en t i s  r e l a t i v e l y  s im p le .
The wave le n g th  o f  th e  monochromator may be s e t  abou t a m illim ic ro n  
above o r  below  th e  wave le n g th  o f  th e  s p e c t r a l  l i n e  b e in g  u sed  ana 
a  d e te rm in a tio n  made o f  th e  background lu m in o s ity  o f  th e  sam ple,
•w ithout any lu m in o s ity  b e in g  d e te c te d  from  th e  e lem en t i n  q u e s t io n .
T h is  m ethod, how ever, h a s  p i t f a l l s ,  f o r  i f  any o th e r  s p e c t r a l  l i n e  
l i e s  c lo s e r  to  th e  l i n e  in  q u e s tio n  th a n  th e  in s tru m e n t i s  cap ab le  
o f  r e s o lv in g ,  i f  a band in  th e  m o lecu la r spectrum  o f  th e  e lem en t 
under s tu d y  i s  u sed , o f  i f  a  sh a rp ly  v a r ia b le  background i s  
e n co u n te re d , t h i s  method o f  d e te rm in in g  background may g iv e  f a l s e  
r e s u l t s .
Enhancement f a c to r s  cause  an  in c re a s e d  o r  d e c rea se d  
r e a c t io n  by th e  su b stan ce  i t s e l f  w hich clauses i t  to  d e v ia te  from  
th e  t r u e  v a lu e .  These enhancem ent so u rces  o f  e r r o r  have b een  
s tu d ie d  by means o f  reco v e ry  e x p e rim en ts . F o r exam ple, a sample i s  
an a ly zed  f o r  th e  su b stan ce  in  q u e s tio n  and th e n  an i d e n t i c a l  sample 
w ith  a  known amount o f  th e  su b stan ce  in  q u e s tio n  added to  i t  i s  
a n a ly z e d . The d if f e r e n c e  betw een th e  two v a lu e s  o b ta in e d , when 
compared to  th e  v a lu e  o b ta in e d  from  th e  same known amount w ith o u t 
any p o s s ib le  i n t e r f e r e n t s , may be compared and a  p e rcen tag e  
e v a lu a t io n  o f  th e  enhancem ent o b ta in e d . For flam e e p e c tro p h o to -  
m e tr ic  d e te rm in a tio n s , th e  d if f e r e n c e  betw een th e  lu m in o s ity  
o b ta in e d  from  th e  same amount o f  an  e lem ent i n  an a l iq u o t ,  w ith  and 
w ith o u t an i n t e r f e r e n t  p r e s e n t ,  when background c o r r e c t io n s  a re  made, 
g iv e s  an in d ic a t io n  o f  th e  enhancem ent.
The u se  o f  r e p r o d u c ib i l i ty  and re c o v e ry  ex p erim en ts  o n ly  a re  
in ad eq u a te  in  e v a lu a tin g  a q u a n t i ta t iv e  m ethod. By d is re g a r d in g  th e  
p o s s ib le  background e f f e c t s ,  s e r io u s  e r r o r s  may be e n co u n te re d . F o r 
in s ta n c e ,  in  th e  d e te rm in a tio n  o f  calc ium  by o x a la te  p r e c i p i t a t i o n ,  
r e p r o d u c ib i l i ty  may prove to  be v e ry  good and re c o v e ry  o f  known amounts
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o f  calc ium  may "be a d eq u a te . However, i f ,  i n  th e  "b io lo g ic a l sam ples,
17magnesium o r  p r o te in  i s  c o - p r e c ip i ta te d  w ith  th e  calc ium  o x a la te ,  
th e n  th e  i n d i r e c t  method o f  d e te rm in in g  th e  ca lc iu m , hy d e te rm in in g  
th e  amount o f  o x a la te  p r e c ip i t a t e d  "by i t ,  w i l l  r e s u l t  in  in a c c u ra c ie s  
due to  t h i s  "background" from th e  p r o te in  o r  magnesium w hich i s  n o t 
ca lc iu m .
A com plete e v a lu a tio n  o f  a chem ical method shou ld  c o n ta in  th e  
fo llo w in g :
1 . The deg ree  o f  r e p r o d u c ib i l i ty  ( i . e . ,  c o e f f i c i e n t  o f  v a r i a t io n  
o f  th e  method when a p p lie d  to  ty p ic a l  sam p les);
2 . The p e rcen tag e  re c o v e ry  o f  known amounts o f  th e  compound o r 
e lem en t i n  q u e s tio n  w hich a re  added to  a l iq u o ts  o f  t y p i c a l  sam ples;
3 . A s tu d y  o f  background e f f e c t s  ( e . g . ,  th e  amount o f  non­
c r e a t in i n e ,  b u t  c r e a t in i n e - l i k e  s u b s ta n c e s , p r e s e n t ;  th e  " in u l in o id "  
c o n te n t o f  th e  sample^ th e  e f f e c t s  o f  sodium, p o tass iu m , calc ium  
background on flam e pho to m etric  d e te rm in a tio n  o f  magnesium); and
A stu d y  o f  enhancement e f f e c t s  which occur below  c o n c e n tra ­
t io n s  o f  th e  compound in  q u e s tio n  which a re  n o t d e te c te d  by 
re c o v e ry  e x p e rim en ts . These background e f f e c t s  p ro b ab ly  can  be b e s t  
s tu d ie d  by s y n th e s iz in g  sam ples c o n ta in in g  a l l  o f  th e  ex tran eo u s  
e lem en ts  in  c o n c e n tra tio n s  s im ila r  to  th e  sample under c o n s id e ra t io n ,  
b u t  w ith o u t th e  compound which i s  to  be d e te rm in ed . D e te rm in a tio n s  
o f  t h i s  s y n th e t ic  sample to  which a re  added known amounts o f  th e  
compound under a n a ly s is ,  and d e te rm in a tio n s  o f  th e  e f f e c t s  o f  v a ry in g  
c o n c e n tra tio n s  o f  th e  p o s s ib ly  i n t e r f e r i n g  su b s ta n c es  w i l l  g iv e , when
•^S m ith  e t  a l . , op . c i t . (F o o tn o te  lU)
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s y s te m a tic a l ly  a p p lie d , h e lp f u l  answers a s  to  enhancement o r  r a d i a t i o n  
in te r f e r e n c e  e f f e c t s .  The problem  i§  d i f f i c u l t ,  te d io u s ,  and ap p ea rs  
to  r e q u ir e  an under s tan d in g  o f  th e  th eo ry  o f  th e  d e te rm in a tio n  in  
o rd e r  to  f e r r e t  o u t th e  more l i k e ly  in t e r f e r e n t s  in  ex trem ely  
complex m a te r ia ls  such a s  b lo o d  plasm a o r  t i s s u e .
When u s in g  th e  ox ide  bands o f  magnesium and ca lc iu m , r e l a t i v e l y  
low  in s tru m e n ta l  s e n s i t i v i t y  and flam e e x c i t a t io n  c o n d itio n s  a re  
s u f f i c i e n t  to  g iv e  r e l a t i v e l y  p re c is e  re a d in g s . However, b ecause  o f  
th e  background in te r f e re n c e  due to  l i g h t  s c a t t e r  and th e  continuum  
w hich i s  produced by sodium, and because o f  th e  enhancem ent caused  
by p r o te in s ,  sodium, p h o sp h ate , and o th e r  su b s ta n c e s , an a c c u ra te  
d e te rm in a tio n  o f  th e se  d iv a le n t  c a t io n s  i s  q u ite  d i f f i c u l t ,  a lth o u g h  
h ig h ly  re p ro d u c ib le  d e te rm in a tio n s  may be o b ta in e d  w ith  such in s t ru * ' 
m ents and te c h n iq u e s . The problem  o f  in te r f e re n c e  in  flam e s p e c tro ­
photom etry  has l im i te d  t h i s  te c h n iq u e . W ith sodium and p o ta ss iu m , 
because  o f  t h e i r  r e l a t i v e l y  in te n s e  em issio n  o f  a m onochrom atic 
l i n e ,  r e l a t i v e l y  in s e n s i t iv e  in s tru m e n ts  o f  poor r e s o lv in g  power may 
be u sed  w ith  h ig h ly  s a t i s f a c to r y  r e s u l t s ,  because background e f f e c t s  
a re  low and. In te r f e re n c e  e f f e c t s  betw een sodium and p o ta ss iu m , 
e s p e c ia l ly  in  a low tem p era tu re  flam e, a re  n o t a p p re c ia b le . By
u s in g  th e  i n t e r n a l  s ta n d a rd iz a t io n ,  such as  p roposed  by B arn es ,
1AB e rry , and Chappell, v a r ia t io n s  a re  m inim ized and r e s u l t s  a c c u ra te  
to  1 p e r  c e n t a re  p o s s ib le .
W. B e rry , D. G. C h ap p e ll, and R . B. B arn es , Improved method 
o f  flam e photom etry , In d . Eng. Chem. . A nal. Ed.  18:19-21* ( 191*6 ) .
- .1 2 6  -
In te r f e re n c e
I n  d e s c r ib in g  th e  o ld  chamber ty p e  Beckman flam e p h o to m ete r, 
G i lb e r t ,  Hawes, and Beckm an1^  gave a  r a th e r  com plete e v a lu a tio n  o f  
v a r io u s  ty p e s  o f  in te r f e re n c e  which m ight be e x p e c te d . Meloche 
i n  1952 p re se n te d  a d is c u s s io n  o f  in te r f e r e n c e  f o r  a  monograph on
flam e photom etry  p u b lish e d  by th e  Am erican S o c ie ty  f o r  T e s tin g
21  22 M a te r ia ls .  Sm it e t  a l . in  1951 p re s e n te d  an  in t e r e s t i n g  th e o ry
a s  to  th e  I n te r f e r e n t  e f f e c t s  o f  sodium on p o tassium  lu m in o s ity . They
b e l ie v e  t h a t  s e l f - a b s o r p t io n  and r a d i a t i o n  in te r f e r e n c e s  a re  due to
changes in  th e  degree  o f  io n iz a t io n  under th e  p r e v a i l in g  c o n d it io n s .
T hus, an  ex cess  o f  sodium enhances th e  p o tassium  lu m in o s ity  by th e
r e p r e s s io n  o f  th e  io n iz a t io n  o f  p o tassium  by e le c t r o n s  w hich o r ig in a te
from  th e  sodium. By re p re s s in g  io n iz a t io n ,  a l a r g e r  p ro p o r t io n  o f
th e  atoms a re  in  th e  n e u t r a l  s t a t e  where th ey  would em it a t  th e  wave
le n g th  g iv in g  th e  f a m i l ia r  monochrom atic l i n e s  a t  766 . 5 / 9 .9  m illim ic rcn a
B e rry , C h ap p e ll, and Barnesf^ 191*6 , gave an e v a lu a tio n  o f  th e
in te r f e r e n c e s  which m ight be ex p ec ted  w ith  th e  in te r n a l - s ta n d a r d ,
19P . T . G i lb e r t ,  J r . ,  R . C. Hawes, and A. 0 . Beckman, Beckman 
flam e sp ec tro p h o to m ete r, A nal.  Chem. 22 :772-80  (1 9 5 0 ).
2CV . W. M eloche, A rev iew  o f  flam e pho tom etry , Amer.  Soc.  f o r  
T e s tin g  M a te r ia l s , STP No. 116, p p . 3-12 ( 1952) .
21Am erican S o c ie ty  f o r  T e s tin g  M a te r ia ls ,  Flame P ho tom etry .
S p e c ia l  T e c h n ica l P u b l ic a t io n  13.6 (P h i la d e lp h ia :  Am erican S o c ie ty  
f o r  T e s tin g  M a te r ia ls ,  1952) 120 p p .
22J .  S m it, C. T . J .  Alkemade, and J .  C. M. V e rscb u re , A con­
t r i b u t i o n  to  th e  developm ent o f  th e  flam e p h o to m etric  d e te rm in a tio n  
o f  sodium and p o tassium  in  b lo o d  serum , B iochim . e t  B ionhys. A c ta  
6L508-23 (1 9 5 1 ).
23
B e rry , C h ap p e ll, and B arn es , o p . c i t . (F o o tn o te  18)
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cham ber-type p h o tom eter. I t  would appear t h a t  th e  d i r e c t  a to m izer 
b u rn e rs  a re  l e s s  a is c e p tib le  to  in te r f e r e n c e  th a n  th e  chamber type  
s in c e  v a r ia t io n s  due to  sp ray  d rop  s iz e  and subsequen t s e p a ra t io n  a re  
e l im in a te d . Many o th e r  a u th o rs  have d is c u s s e d  t h i s  g e n e ra l  problem  
o f  i n t e r f e r e n t  e f f e c t s .  The re fe re n c e s  to  th e se  w i l l  be found in  
Appendix B.
Many te ch n iq u es  have been  proposed  to  c o r r e c t  o r  com pensate f o r  
th e se  e f f e c t s  o f  in te r f e r e n c e  on flam e sp e c tro p h o to m e tr ic  d e te rm in a ­
t i o n s .  They can  be subd iv ided  in to  f iv e  g e n e ra l c la s s e s :
1 .  S y n th e tic  s ta n d a rd s . T h is  te c h n iq u e , common to  em iss io n  
sp e c tro g ra p h ic  p ro c e d u re s , u sed  a s ta n d a rd  c o n ta in in g  a known amount 
o f  th e  elem ent under a n a ly s is  and h av in g  a com position  c lo s e ly  
s im ila r  to  t h a t  o f  th e  unknown. To c o l l e c t  and to  p re p a re  a  v a r ie ty  
o f  s y n th e t ic  s ta n d a rd s , how ever, i s  r a th e r  d i f f i c u l t ,  b u t i f  th e  
sam ples b e in g  analyzed  a re  o f  a s im ila r  co m p o sitio n , as  i s  ex p ec ted  
i n  p lasm a, th e  method o f  u s in g  s y n th e t ic  s ta n d a rd s  i s  one o f  th e  m ost 
s a t i s f a c t o r y .  I t s  p rim ary  d isad v a n ta g es  a re :  ( l )  th e  tim e and e f f o r t  
r e q u ire d  to  sy n th e s iz e  th e se  s ta n d a rd s ; ( 2 ) th e  danger o f  o m itt in g  an 
im p o rtan t component o r  o f  u s in g  th e  wrong c o n c e n tra t io n  o f  a 
component which has a  m ajor e f f e c t  on th e  lu m in o s ity  o f  th e  e lem ent 
b e in g  de te rm in ed ; and ( 3 ) a  s ig n i f i c a n t  change in  c o n c e n tra t io n  o f  
an  im p o rtan t i n t e r f e r e n t  in  th e  unknown, such as  m igh t be ex p ec ted  
in  some p a th o lo g ic a l  c o n d it io n s .
2 .  S e p a ra to ry  p ro c e d u re s . These a re  a ls o  o f  t h e o r e t i c a l l y  h ig h  
accu racy . I f  th e  in t e r f e r e n t  su b s tan ces  a re  removed from  th e  sam ple, 
no in te r f e re n c e  i s  to  be e x p ec te d . However, one o f  th e  m ajor problem s
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i n  t h i s  type  o f  p rocedure  i s  th e  tim e re q u ire d  to  s e p a ra te  th e  e lem ent
in  q u e s tio n  from th e  r e s t  o f  th e  sample and th e  danger o f  e i th e r
pk
co n tam in atio n  o r lo s s e s .  P a rk s  e t  a l .  in  1948, u s in g  one o f  th e  
e a r l i e r  models o f  th e  P erk in -E lm er flam e pho tom eter, concluded t h a t ,  
"G e n e ra lly , complex su b stan ces  o f  unknown, com position  have been 
a c c u ra te ly  analyzed  on ly  a f t e r  rem oval o f  th e  in t e r f e r in g  su b s ta n c e s ."  
I f  good se p a ra to ry  p ro ced u res  a re  a v a i l a b le ,  th e re  i s  no q u e s tio n  
t h a t  t h i s  tech n iq u e  would be one o f  th e  m ost a c c u ra te .
3 . C o rre c tio n  f a c to r s  and c u rv e s . These may become ex trem ely  
complex and o f  l i t t l e  h e lp  when d e a lin g  w ith  complex sam ples which 
c o n ta in  a v a r ie ty  o f  i n t e r f e r in g  su b s ta n c e s . The background e f f e c t s  
u s u a lly  a re  a d d i t iv e ,  w hereas th e  enhancement e f f e c t s ,  as w i l l  be 
shown, a re  u s u a l ly  n o n -a d d it iv e . Thus ex trem ely  complex eq u a tio n s  
and cu rv es  may be n e c e s sa ry . I f ,  as i s  sometimes th e  c a se , sodium 
i s  th e  on ly  substan ce  which in t e r f e r e s  s e r io u s ly  w ith  calcium  o r 
magnesium d e te rm in a tio n s , th e n  a sim ple c o r r e c t io n  curve can be 
p re s e n te d . U n fo r tu n a te ly , t h i s  i s  seldom th e  c a s e .
4 . R a d ia tio n  b u f f e r s . These a re  u sed  in  sp e c tro g ra p h ic  
p ro ced u res  to  m a in ta in  an even r a t e  o f  b u rn in g  o f  th e  sample and to  
m inim ize i n t e r f e r e n t  e f f e c t s  o f  th e  v a r io u s  a l k a l i  e lem en ts . W ith 
flam e sp ec tro p h o to m etry , how ever, t h i s  le a d s  to  d i f f i c u l t i e s .  
C o n ce n tra tio n s  o f  th e  b u f f e r  which a re  s u f f i c i e n t  to  g iv e  an  enhance­
ment by th e  i n t e r f e r e n t  su b stan ce  which i s  independent o f  c o n c e n tra tio n
a * . D. P a rk s , H. 0 .  Johnson , and L . Iykken , E r ro rs  in  th e  use  
o f  a Model 18 P erk in -E lm er Flame Ih o to m ete r f o r  th e  d e te rm in a tio n  o f  
th e  a l k a l i  m e ta ls ,  A n a l. Chem. 20:822-25 (1 9 4 8 ).
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changes cau ses  such la rg e  "backgrounds t h a t  s e r io u s  e r r o r s  a re  th e n  
en co u n te red  because  o f  t h i s  f a c t o r .
5 . E x tra p o la t io n  p ro c e d u re s .  A nother p rocedure  u sed  in
e m iss io n  sp e c tro g ra p h ic  a n a ly se s  i s  th e  u se  o f  th e  a d d it io n  method
25( e . g . ,  A hrens ) .  T h is  m ethod, p re v io u s ly  n o t a p p lie d  to  th e  
d e te rm in a tio n  o f  calc ium  o r  magnesium, w i l l  be d e sc r ib e d  i n  th e  
s e c t io n  o f  t h i s  paper d e a lin g  w ith  th e  d e te rm in a tio n  o f  ca lc iu m .
Because th e  l i t e r a t u r e  on th e  flam e sp ec tro p h o to m etric  
d e te rm in a tio n  o f  ca lc iu m , magnesium, and o th e r  e l e c t r o ly te s  i s  so 
s c a t te r e d  and volum inous a s  to  deny o rg a n iz ed  p re s e n ta t io n  a t  t h i s  
t im e , i t  i s  p re se n te d  in  Appendix B, a s  an  an n o ta ted  b ib lio g ra p h y .
25 l .  H. A hrens, S p ec tro ch em ica l A n a ly s is  (Cambridge, Massa­
c h u s e t ts :  Addison-W esley R pess, I n c . ,  1 9 5 0 ), pp . 136- 36 .
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Methods and A pparatus
A Beckman DU spec tro p h o to m ete r w ith  Model 9200 flam e a ttach m en t
and a to m iz e r-b u rn e r (d ire c t-a to m iz in g )  and Model 1*300 p h o to m u ltip lie r
a ttach m en t was u se d . N eedle f lu c tu a t io n s  a re  sup p ressed  w ith
e l e c t r o l y t i c  c a p a c i t o r s . ^  In c re a se d  accuracy  in  b a la n c in g  th e
in s tru m e n t in  th e  0 .1  s e le c to r  p o s i t io n  i s  o b ta in e d  by u s in g  a 3
2 6power le n s  mounted over th e  n u l l  m e te r .
S te ro x  SE (A loe S c i e n t i f i c ,  S t .  L ouis 12, M isso u ri)  a t  0 .0 1  p e r 
c e n t  c o n c e n tra tio n s  in  th e  d i l u t i n g  w a te r in c re a s e s  th e  sm oothness 
o f  a to m iz a tio n  and red u ces  th e  p o s s i b i l i t y  o f  calc ium  a d so rp tio n  on 
th e  e q u ip n e n t. I t  g iv e s  no in te r f e r e n c e .  Sample volumes a re  m easured 
e i t h e r  w ith  a tu b e r c u l in  sy rin g e  which h as  a r i g i d l y  mounted s to p  
and f in e -b o re  p o ly e th y len e  d e liv e ry  tu b in g  o r w ith  a K irk -ty p e  
m ic ro p ip e t. The sy rin g e s  u sed  d e l iv e r  w a te r to  w ith in  a range  o f  
e r r o r  o f  l e s s  th a n  1 m ic r o l i t e r ,  b u t m ust be r in s e d  a t  l e a s t  f iv e  
tim es and p re fe ra b ly  10 tim es w ith  sm all q u a n t i t ie s  o f  th e  s o lu t io n  
b e in g  m easured.
S tan d a rd  s o lu tio n s  were made w ith  o v e n -d rie d , C. P . re a g e n ts  a t  
1 .0 0 0  N c o n c e n tra tio n s  and were d i lu te d  to  th e  d e s ir e d  c o n c e n tra t io n s . 
The s ta n d a rd  calc ium  s o lu t io n  was made from calcium  carb o n a te  
d is so lv e d  w ith  th e  e q u iv a le n t amount o f  h y d ro c h lo ric  a c id  and th e  
carbon  d io x id e  d r iv e n  o f f .  Magnesium rib b o n  was d is so lv e d  in  th e  
a p p ro p r ia te  amount o f  h y d ro c h lo ric  a c id  f o r  th e  magnesium s ta n d a rd . 
Sodium and po tassium  s tan d a rd s  w ere from th e  c h lo r id e .  S tro n tiu m
26C. F . R o th e , R eduction  o f  r a p id  random f lu c tu a t io n s  o f  th e  
Beckman flam e sp ec tro p h o to m ete r, A nal. Chem. 27 : (May 1955) ( i n  
P r e s s ) .
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and l i th iu m  were made to  100 n iE q/l from th e  c h lo r id e  and n i t r a t e ,  
r e s p e c t iv e ly .  The e f f e c t  o f  i n t e r f e r e n t s  was s tu d ie d  u s in g  re a g e n t  
g rade  chem icals i f  p o s s ib le  and in  a l l  c a se s  d e te rm in in g  and 
c o r r e c t in g  f o r  th e  c a t io n  under a n a ly s is  p re s e n t  in  th e  r e a g e n ts .
L um inosity  o f  flam e i s  r e p o r te d  a s  L u n i t s  which co rre sp o n d  to  
p e r  c e n t tra n s m is s io n  u n i t s  on th e  sp ec tro p h o to m e te r. V alues g r e a te r  
th a n  110 r e s u l t  from tu rn in g  th e  s e le c to r  sw itch  to  1 .0  and m u lt ip ly in g  
th e  re a d in g  by 10 .
S e n s i t iv i ty  and d a rk  c u r r e n t  c o n tr o l  s e t t in g s  a re  g iv en  i n  term s 
o f  tu rn s  from  th e  c o u n te r-c lo ck w ise  l i m i t  (ccw ).
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Experimental R esults
1 . In s tru m e n ta l  C o n d itio n s
A. Zero su p p re ss io n .  Because o f  th e  h ig h  flam e and w a te r 
■backgrounds a t  th e  s e n s i t i v i t y  employed f o r  calc ium  and magnesium, 
th e  In s tru m e n t I s  n u l le d  w ith  th e  d a rk  c u r re n t  c o n tr o l  w h ile  b u rn in g  
th e  sample so lv e n t (w a te r ) , th e  lu m in o s ity  d i a l  b e in g  s e t  a t  betw een 
2 and 5 u n i t s  and th e  s e le c to r  a t  0 .1 .  A lu m in o s ity  d i a l  s e t t i n g  o f  
betw een 2 and 5 u n i t s  i s  u sed  in  o rd e r  to  o b ta in  re a d in g s  w hich a re  
on th e  s c a le  a f t e r  s l i g h t  d r i f t  o f  th e  in s tru m en t o r  tem p era tu re  
changes o f  th e  sam ples o c c u r . A l l  lu m in o s ity  re a d in g s  a re  th en  
t r e a t e d  a s  lu m in o s ity  in  ex cess  o f  th e  b a s e - l in e  lu m in o s ity  re a d in g  
found when a tom iz ing  w a te r . As may be seen  from  T able  9 o r  as would 
be p r e d ic te d  from  a c a r e f u l  exam ination  o f  th e  e l e c t r i c a l  c i r c u i t  
d iag ram , t h i s  su p p re ss io n  i s  l i n e a r  and h as  no s ig n i f i c a n t  e f f e c t  on 
th e  lu m in o s ity  re a d in g s  from  th e  e lem ent b e in g  d e te rm in ed , i .  e . ,  
th e  t o t a l  lu m in o s ity  minus th e  w a ter and flam e background lu m in o s ity  
i s  in d ep en d en t o f  th e  d a rk  c u r re n t  s e t t i n g .
B . N u ll m eter d e f le c t io n  and s e n s i t i v i t y  v e rsu s  p r e c is io n . 
A s tu d y  o f  th e  e l e c t r i c a l  c i r c u i t  and a few sim ple experim en ts 
re v e a le d  t h a t  th e  movement o f  th e  n u l l  m eter n eed le  p e r  u n i t  movement 
o f  th e  lu m in o s ity  d i a l  i s  a fu n c tio n  o f  th e  monochromator s e n s i t i v i t y  
c o n t r o l  s e t t i n g .  T urn ing  th e  s e n s i t i v i t y  c o n tro l  co u n terc lo ck w ise  
r e s u l t s  In  a low v o lta g e  to  be d iv id e d  by th e  lu m in o s ity  c o n tro l  and 
th u s  r e q u i r e s  a l a r g e r  movement o f  th e  lu m in o s ity  c o n tro l  to  g iv e  th e  
same v o lta g e  to  oppose th e  pho to tube  p o t e n t i a l .  T h is  l a r g e r  movement 
o r  lu m in o s ity  d i a l  re a d in g  ( s e n s i t i v i t y )  i s  o f f s e t  by th e  d ec rea sed
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T ab le  9* The e f f e c t  o f  d a rk  c u r re n t  c o n tro l  s e t t in g s  on th e  
lu m in o s ity  re a d in g  o f  ca lc iu m .
D ark 
c u r re n t  
s e t ' ‘ 1
L um inosity  re a d in g  
S e r ie s  W ater .05  Ca2 .15 Ca
Lum inosity  Ca on ly
D iffe re n c e
2 .35 I 1 0 .1 36 .0 77.3 25 .9 2 5 .8 - 0 .1
2 .3 5 I I 6 .0 3 1 .5 81 .2 25 .5 25 . I -  .4
2 .3 0 I 28 .0 53.3 7 6 .O 25 .3 25.3 .0
2 .25 I I 39 .6 6 4 .2 113.5 24 .6 2 4 .6 .0
2 .1 5  n u l l ' ’ I 7 7 .8 104.4 154.0 2 6 .6 2 5 .4 - 1 .2
2 .1 5  n u l l I I 7 2 .0 9 6 .4 146.0 2 4 .4 24 .7 .3
1 .95 I 148.5 172.0 222.5 2 3 .5 24 .7 1 .2
0 .00 I 791 .0 817 .0 868.0 2 6 .0 2 5 .7 -  .3
A verages 25 .22 25.16 - .0 6
W avelength, 422 .7  mu; s l i t ,  0 .03  mm; p h o to m u lt ip l ie r ,  F u l l .
•*Dark c u r re n t  s e t t i n g :  tu rn s  from co u n terc lo ck w ise  l i m i t .
20 .05  mEq/l CaClg.
3o. 15 niEq/l CaClg.
^0 .15  C a/3 : L um inosity  o f  0 .15  mEq/l Ca minus w a te r lu m in o s ity  
and d iv id e d  "by th re e  so t h a t  l i n e a r i t y  com parisons may "be made w ith  
0 .0 5  Ca lu m in o s ity .
% u l l :  D ark c u r r e n t  s e t t i n g  to  n u l l  th e  in s tru m e n t w ith  th e  
s h u t te r  o f f .  D if fe re n c e s  i n  lu m in o s ity  re a d in g  betw een s e r ie s  I  
and, I I  a re  p r im a r i ly  due to  a  d if f e r e n c e  in  fu f tl  p re s su re  o f  abou t 
0 .1  p . s . l .
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a b i l i t y  to  a c c u ra te ly  n u l l  th e  In s tru m en t ( p r e c is io n  o f  s e t t in g )  
s in c e  a t  th e  h ig h e r  s e n s i t i v i t y ,  a l a r g e r  lu m in o s ity  d i a l  movement 
i s  needed f o r  a  u n i t  movement o f  th e  n u l l  m eter n e e d le . These 
r e la t io n s h ip s  may be seen  g ra p h ic a lly  in  F ig u re  8 . Thus, o v e r a l l  
p r e c is io n  i s  la r g e ly  Independent o f  s e n s i t i v i t y  c o n tro l  s e t t i n g ,  
ex cep t in  term s o f  re a d in g  th e  lu m in o s ity  d i a l  s e t t i n g .
Of fundam ental im portance in  u n d e rs ta n d in g  th e  fu n c tio n  o f  th e  
Beckman IU monochromator i s  th e  r e a l i z a t i o n  th a t  th e  r e l a t io n s h ip  
betw een th e  lu m in o s ity  e n te r in g  th e  p h o to tu b es  ( e i t h e r  s tea d y  o r 
f lu c tu a t in g )  and th e  n u l l  m eter n eed le  movement ( r e q u ir e d  f o r  
p re c is io n )  i s  dependent on th e  pho to tube  c h a r a c t e r i s t i c s ,  th e  p h o to ­
m u l t ip l i e r  s e n s i t i v i t y  s e t t i n g ,  and i s  a lm ost e n t i r e ly  independen t 
o f  th e  lu m in o s ity  d i a l ,  s e n s i t i v i t y  c o n t r o l ,  d a rk  c u r r e n t  c o n t r o l ,  
o r  s e le c to r  c o n tro l  s e t t i n g .  Thus f lu c tu a t io n  and p r e c is io n  problem s 
canno t be so lv ed  w ith  v a r io u s  com binations o f  s e t t in g s  o f  th e se  
l a s t  named c o n tro ls  a s  much as by im proving: (a )  b u rn e r  d e s ig n  and 
f u e l  and oxygen p re s su re  r e l a t i o n s ;  (b) b u rn e r ho u sin g  m ir ro r  
d e s ig n  and fo c u s ; (c )  monochromator o p t i c a l  e f f ic ie n c y ;  (d ) s p e c t r a l  
r e s o lu t io n ;  and (e ) pho to tube  s e n s i t i v i t y .
U sing th e  h a n d -le n s  and th e  s e le c to r  in  th e  more s e n s i t iv e  0 .1  
p o s i t io n ,  we found th e  o p tim a l s e n s i t i v i t y  c o n tro l  s e t t i n g ,  in  term s 
o f  ease  o f  o p e ra tio n  and re a d in g , to  be abou t s ix  tu rn s  from  th e  
c o u n te r  c lockw ise  l i m i t .  Thus an a p p a ren t 1 mm n u l l  m eter n eed le  
d e f le c t io n  r e s u l t s  from a 1 mm lu m in o s ity  d i a l  movement. T h is , we 
f e e l ,  g iv e s  maximal p re c is io n  in  term s o f  monochromator c o n tro l  
s e t t i n g s .  As th e  s l i t  w id th  i s  d e c re a se d , a  d ec rea sed  background and
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SENSITIVITY SETTING
F ig u re  8 . E f f e c t  o f  s e n s i t i v i t y  c o n tro l  s e t t i n g  on s e n s i t i v i t y
( r e l a t i v e  lu m in o s ity  re a d in g s  w ith  th e  same i l lu m in a t io n  on th e  
p h o to tu b e) and on p r e c is io n  o f  s e t t i n g  th e  lu m in o s ity  d i a l  
( n u l l  m eter d e f le c t io n  p e r u n i t  o f  lu m in o s ity  d i a l  movement) 
a t  b o th  s e le c to r  sw itch  s e t t i n g s .
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f lu c tu a t io n  i s  o b ta in e d  (u s in g  s p e c t r a l  l i n e s ) ,  b u t th e  s e n s i t i v i t y
i s  a ls o  d e c re a se d .
C. P h o to m u lt ip l ie r  s e n s i t i v i t y . U sing  a 1 zsEq/l sodium
c h lo r id e  s o lu t io n  a t  589*0 mu and a s l i t  o f  0 .0 1  mm, s e n s i t i v i t y  o f
th e  p h o to m u lt ip l ie r  was t e s t e d  a t  v a r io u s  p h o to m u lt ip l ie r  s e n s i t i v i t y
p o s i t io n s  by n o tin g  th e  lu m in o s ity  d i a l  re a d in g  a f t e r  n u l l in g  th e
in s tru m e n t w h ile  a to m iz in g  th e  s o lu t io n  in to  th e  f la m e . Because th e
r e s i s t o r s  u sed  in  o b ta in in g  th e se  s e n s i t i v i t y  l e v e l s  a re  n o t o f  h ig h
p r e c i s io n ,  th e  r e s u l t s ,  a s  g iv en  in  T ab le  10 , a re  on ly  r e l a t i v e .
T ab le  1 0 . R e la t iv e  s e n s i t i v i t y  o f  th e  p h o to m u lt ip l ie r  tu b e  a t  
v a r io u s  s e n s i t i v i t y  s e t t i n g s .
P h o to m u lt ip l ie r
s e n s i t i v i t y
c o n tro l
s e t t i n g
-  • . . .
L um inosity  
observed  
(s e e  t e s t ) R e la t iv e  s e n s i t i v i t y  r a t i o s
1 6.h 1
2 2 1 .2 3 .3 1
3 7 5 .2 H .7 3 .5  1
k 317. ^ • 5 1 5 .0  h . 2  1
F u l l 1115. 173.5 52 .lt l i t .8 3 .5
The s e n s i t i v i t y  o f  th e  "1" p o s i t io n  co rre sp o n d s  to  th e  s e n s i t i v i t y  
o f  th e  r e g u la r  b lu e  s e n s i t iv e  ph o to tu b e  su p p lie d  w ith  th e  monochromator 
w ith o u t p h o to m u lt ip l ie r  a tta ch m e n t.
The p h o to m u lt ip l ie r  s e n s i t i v i t y  i s  h ig h ly  dependent upon th e  
v o lta g e  a p p lie d  to  th e  p h o to m u lt ip l ie r  tu b e . A f te r  th e  f i r s t  s e r i e s  
o f  ex p e rim en ts , i t  was found th a t  th e  volt& ge was low . A h ig h er 
s e n s i t i v i t y  was l a t e r  o b ta in e d  when u s in g  th e  r a t e d  580 v o l t s .  F u l l  
s e n s i t i v i t y  i s  e s s e n t i a l  f o r  d e te rm in a tio n  o f  magnesium in  o rd e r  to  
u se  m inim al s l i t  w id th s .
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D. T em pera tu re . sample cup f l u i d  l e v e l . and e v a p o ra tio n . 
B ecause th e  v a te r  in  th e  sample c o o ls  th e  flam e , th e  lu m in o s ity  o f  
th e  flam e i t s e l f  w ith  no sample b e in g  atom ized i s  g r e a te r  th a n  th a t  
o b ta in e d  when w a te r , w ith  o r  w ith o u t s a l t s ,  i s  b e in g  atom ized in to  i t .  
T hus, a d e c rea se  in  th e  r a t e  o f  flow  o f  th e  sample in to  th e  flam e , 
w hether produced by d ec rea sed  oxygen p re s s u re ,  p a r t i a l  o c c lu s io n  o f  
th e  c a p i l l a r y ,  o r  in c re a se d  v i s c o s i ty  o f  th e  sample w a te r due to  low er 
tem p e ra tu re  o r  th e  a d d i t io n  o f  v isc o u s  m a te r ia l s ,  r e s u l t s  in  a h ig h e r  
lu m in o s ity  re a d in g . When th e  lu m in o s ity  o f  an e x c i te d  e lem ent i s  
b e in g  d e te rm in ed , how ever, t h i s  d ec rea se  in  flo w  and r e s u l t i n g  
in c re a s e  In  lu m in o s ity  i s  p a r t i a l l y  c o u n te ra c te d  by th e  d ecreased  
r a t e  o f  t r a n s p o r t  o f  th e  e lem ent to  be determ ined  in to  th e  f lam e .
T h is  tem p era tu re  phenomenon i s  p a r t i c u l a r ly  im p o rtan t when 
w orking a t  h ig h  s e n s i t i v i t y  and background. I t  was found t h a t  th e  
lu m in o s ity  v e rsu s  tem p era tu re  r e l a t io n s h ip  i s  l i n e a r  w ith  a n e g a tiv e  
s lo p e  o f  0 .55  lu m in o s ity  u n i t s  p e r  1 .0 °  C. tem p era tu re  r i s e  when 
d i s t i l l e d  w a ter i s  b e in g  atom ized (F ig u re  9 ) .  To m inim ize th e se  
e f f e c t s  and a lso  to  c o r r e c t  f o r  any c a tio n s  p re s e n t  in  th e  w a te r , 
e x t r a  v o lu m e tric  f l a s k s  were used  to  which w a te r on ly  was added a t  
th e  tim e th a t  th e  sam ples were d i lu te d  and were t h e r e a f t e r  t r e a te d  
i n  th e  same manner as  th e  f l a s k s  c o n ta in in g  th e  sam ples.
The h e ig h t  o f  f l u i d  in  th e  sample cups i s  a ls o  Im p o rtan t. Under 
c o n d itio n s  c lo s e ly  s im ila r  to  th o se  u sed  in  d e r iv in g  th e  d a ta  f o r  
F ig u re  9 ,  i t  was found th a t  th e  lu m in o s ity  re a d in g  from  a ^ ml sample 
o f  d i s t i l l e d  w a te r slow ly and un ifo rm ly  in c re a se d  1 .2  lu m in o s ity  u n i t s  
d u rin g  th e  2 .25  m inu tes  re q u ire d  to  atom ize th e  sample in to  th e  f lam e .
Xho -
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F ig u re  9* E f f e c t  o f  a ample tem p era tu re  on flam e and w a te r lu m in o s ity . 
Sam ple: D i s t i l l e d  w a ter
S e le c to r ,  0 .1 ;  P h o to m u lt ip l ie r ,  F u l l ;  S e n s i t i v i t y ,  7 tu rn s  (ccw ); 
S l i t ,  0 .03  mm; W avelength, 1+20. mu; F lam e, (o sy ace ty len e) 7 cm 
h ig h , 10 p . s . i .  oxygen p re s s u re .
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W ater w ith  0 ,0 2  p er  c e n t  S te r o x  gave s im i la r  r e s u l t s .
E v a p o r a tio n  and c o n ta m in a tio n  from  d u s t  in  th e  a i r  a l s o  p r e s e n t  
a p rob lem . I t  was fou n d  t h a t  sam ple cups f i l l e d  w ith  b  m l o f  d i s t i l l e d  
w a te r  l o s t  w e ig h t  a t  th e  r a t e  o f  35 mg ( l e s s  th a n  1 p e r  c e n t )  p er  hour  
a t  7^ ° F . No d e t e c t a b le  e r r o r s  w i l l  l i k e l y  occu r  t h e r e f o r e  i f  th e  
sam ple i s  a to m ized  w i t h in  30 m in u te s  a f t e r  i t  I s  poured  in t o  th e  
sam ple c u p . H owever, in  d e te r m in in g  c a lc iu m  in  sam p les d i lu t e d  t o  
0 .1 0  m E q/l (2  m ic r o g r a m s /m i l l i l i  t e r ) , d u s t  and e s p e c i a l l y  c h a lk  
p a r t i c l e s  ca n  c a u se  m ajor e r r o r s  i f  th e  sam p les are  n o t  c o v e re d  or  
th e  d u s t  c o n t r o l l e d .
E . F u e l .  The c h o ic e  b etw een  th e  o x y - a c e t y le n e  and o x y -  
h yd rogen  f la m e f o r  th e  d e te r m in a tio n  o f  c a lc iu m  and m agnesium  i s  
d i f f i c u l t  t o  m ake. A s may be s e e n  from  T ab le  J 1  and F ig u r e  10 (p age  
1 ^ 5 ) ,  th e  o x y a c e ty le n e  fla m e c a u s e s  a g r e a te r  e x c i t a t i o n  o f  th e  
m agnesium  or  c a lc iu m  atom s due to  i t s  h ig h e r  fla m e t e m p e r a tu r e .^  
H owever, th e  o x y - a c e t y le n e  fla m e a ls o  g iv e s  a  la r g e r  background f o r  
s im i la r  s l i t  w id t h s ,  and f o r  magnesium a t  37I  mu, i t  i s  d i s t i n c t l y  
i n f e r i o r  t o  th e  oxy -h y d ro g en  fla m e in  t h i s  r e s p e c t .  H owever, i f  th e  
lu m in o s ity  a t  th e  s p e c t r a l  l i n e s  o f  m agnesium  and c a lc iu m  i s  d e s ir e d ,  
th e  o x y a c e ty le n e  fla m e  i s  f a r  su p e r io r  in  t h a t  much narrow er s l i t  
w id th s  ( 0 .0 3  v e r s u s  0 .3  mm) may be u se d  f o r  s im ila r ' lu m in o s ity  (m inus  
background) r e a d in g s  o f  th e  m e t a l .  T h us, a s  may be s e e n  in  T a b le  1 1 ,  
th e  background c o r r e c t io n  f o r  sodium  ( i n  s y n t h e t ic  p lasm a) may be  
g r e a t ly  r e d u c e d , w h ile  th e  w a ter  and fla m e  background I s  s im i la r .
^ N .  A . L an ge, Handbook o f  C h em istry . S ix t h  E d it io n  (S an d u sh y , 
O hio: Handbook P u b l i s h e r s ,  I n c . ,  1 9 ^ 6 ) , p p . 763—6 6 .
Table 11 . Luminosity o f  calcium  and a  sy n th etic  plasma produced "by the oxy-acetylene or the oxy-
hydrogen flame at various s l i t  widths and wavelengths.
Fuel
S l i t
width
(mm)
Lumin-
osity
Water
luminosity of calcium or synthetic plasma (background corrected)*
422.7 mu 420. mu 410. mu
.05 Ca2 S.P. t 5 S.P. 5^ .05 Ca S.P. T S.P. c .05 Ca S.P. 7 S.P. 7
°2H2 0.03 71. 25.1 1.2 31.9 0 .1 0 .2 o.H - - -
°2H2 .10 r
o o . 96. 6. 132. .0 b. - - -
h2 .03 2. 1.9 .2 2.0 .0 .1 .2 0.1 0.2 0 .2
H2 .10 15.8 7.0 2.1 2.5 .2 2.2 z .b .0 2.0 2.0
h2 .30 l l4 . 19.2 16.2 36.3 U.4 16.1 20.2 .0 15.1 15.2
Photomultiplier, Pull; S en sitiv ity , 6 turns ccw; Flame, 8 cm; Oxygen 9 p . e . i .
* L um inosity  of the  sample minus th e  lu m in o s ity  of w ater.
2 0.05 mEq/l calcium chloride solution.
 ^ S.P. %  a synthetic plasma without calcium or protein, hut with lUo mEq/l of sodium and 
appropriate amounts of potassium, magnesium, chloride, phosphate, bicarbonate, and 
glucose, diluted to 1:100. i
H
 ^ S.P. 7T, a synthetic plasma, but with calcium added to give 0.05 mEq/l on dilution to 1:100. i*>
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The fo llo w in g  f a c t s  may "be n o ted  from  th e se  d a ta  p re se n te d  in  
T ab le  11:
a* The lu m in o s ity  o f  a  0 .05  m Eq/l calc ium  c h lo r id e  s o lu t io n  
when atom ized  in to  flam es o f  s im ila r  h e ig h ts  produced by 
th e  two f u e l s  a t  th e  same w avelength  and s e n s i t i v i t y  r e q u ir e s  
more th a n  te n  tim es th e  s l i t  w id th  ( 0 .3 0  mm) f o r  th e  hydrogen 
flam e in  com parison to  th e  narrow  s l i t  w id th  ( 0.03  mm) 
re q u ire d  when u s in g  th e  a c e ty le n e  flam e to  o b ta in  s im ila r  
calc ium  lu m in o s ity .
b .  W ith th e  s l i t  w id th s  needed f o r  s im ila r  calc ium  lu m in o s i t ie s ,  
th e  w a ter and flam e background w ith  th e  hydrogen flam e i s  
a lm ost tw ice  t h a t  found u s in g  th e  o x y -ace ty len e  flam e .
c .  W ith th e  In c re a se d  s l i t  w id th , n o te  t h a t  th e  background 
produced in  th e  hydrogen flam e by th e  s y n th e t ic  plasm a 
(w ith o u t p ro te in )  d i lu te d  1:100  a t  1+10 mu u s in g  a 0 .3  mm 
s l i t  w id th  i s  1 5 .1  L and i s  e q u iv a le n t to  about 0 .03 mEq/l 
ca lc iu m , (15*1 I> f o r  th e  background v e rsu s  1 9 .8  L f o r  a  0 .05  
m Eq/l calc ium  s o lu t io n ) .  When u s in g  th e  o x y -ace ty len e  flam e 
w ith  i t s  h ig h e r  e x c i t in g  a b i l i t y ,  however, even a t  1+20 mu 
w ith  a  0.03  mm s l i t  w id th , on ly  a ve ry  sm all lu m in o s ity  
(0 .2  L) i s  observed  when a tom iz ing  th e  s y n th e t ic  plasm a 
s o lu t io n .  T h is  background i s  e q u iv a le n t to  on ly  0.0005 
m Eq/l ca lc iu m .
d .  Of cou rse  such s e n s i t i v i t y  may n o t be re q u ire d ,  so t h a t  th e  
narrow  s l i t  w id th  and fa v o ra b le  elem ent lu m in o s ity  to  background 
r a t i o  may be o b ta in e d  w ith  th e  hydrogen flam e i f  a  d i l u t i o n
o f  on ly  1 :10  In s te a d  o f  1 :100  i s  u se d . For magnesium, 
how ever, a  d i l u t i o n  o f  1:10  w ith  th e  o x y -a c e ty le n e  flam e i s  
: o f  o n ly  f a i r  s e n s i t i v i t y ,  th u s  p re c lu d in g  th e  u se  o f  th e  
hydrogen flam e f o r  magnesium d e te rm in a tio n s  o f  plasm a i f
background d e te rm in a tio n s  a re  to  be made.
28 29S e v e ra l a u th o rs  have n o te d  th a t  th e  h o t t e r  a c e ty le n e  flam e 
cau ses  g r e a te r  enhancement ( r a d ia t io n )  in te r f e r e n c e  and th u s  th e  
hydrogen flam e would be o f  advantage in  t h i s  r e s p e c t .  However, a s  
w i l l  be n o ted  from th e  d a ta  p re se n te d  in  T able 11 and th e  r ig h t-h a n d  
p a r t  o f  F ig u re  10, th e  r e l a t i v e  background i s  n o t  l e s s  when u s in g  
th e  hydrogen flam e o r  o th e r  w avelengths in  com parison to  u s in g  th e  
o x y -ace ty len e  flam e a t  1+22.7 mu. When u s in g  hydrogen a s  a f u e l  o r  
when u s in g  a m o lecu lar band spectrum , th e  s l i t  w id th  m ust be in c re a se d  
in  o rd e r  to  o b ta in  s im ila r  lu m in o s ity  above background re a d in g s .
F . W avelength. W ith l e s s  s e n s i t iv e  in s tru m e n ts , th e  
m o lecu lar band s p e c tra  from  magnesium a t  about 371 mu o r 381+ mu o r 
from  calcium  a t  55^ mu o r  620 mu have been  u se d . From th e  d a ta  
p re se n te d  in  F ig u re  10 , i t  was concluded th a t  f o r  magnesium: ( l )  
th e  lu m in o s ity -c o n c e n tra t io n  r e la t io n s h ip  i s  n e a r ly  l i n e a r  a t  371 mu 
and i s  m arkedly c u r v i l in e a r  a t  285.2  mu (due to  magnesium s e l f -  
a b s o r p t io n ) ; and ( 2 ) a t  37I  mu, th e  background due to  sodium and 
p o tassium  i s  much g r e a te r  th a n  a t  285 .2  mu. T h is  i s  o f  m ajor
^ B e r r y ,  C h ap p e ll, and B arn es , o p . c i t .  (F o o tn o te  18)
2% .  R . Domingo and W. K lyne, A p h o to e le c t ic  flam e p h o tom eter, 
Blochem. J .  1+5:1+00-08 (191+9)*
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Pigure 10. The luminosity of magn.es- 
ium and common in terferen ts a t  
285 .2  and 371 mu, using the oxy- 
acetylene or oxy-hydrogen flam*.
Selector, 0 .1 ; Photom ultiplier,Pull; 
S e n s itiv ity , 8 turns,ccw; S l i t  width
0.06 mm.; Plame h e i s t s  8 cm.
The luminosity o f calcium and 
sodium a t various wavelengths 
and s l i t  widths using the oxy- 
acetylene or oxy-hydrogen flame.
Selector, 0 .1 ; Photom ultiplier, 
P u ll, S en s itiv ity  8 .5  turns ccw. 
Plame heights 8 cm.
Oxygen pressures in  a l l  cases 8 p . s . i .  The concentrations in  mEq/l
- I n ­
consequence s in c e :  (a )  th e  "background can n o t "be a c c u ra te ly  determ ined  
f o r  th e  371 o r  38*+ mu w avelength  in  th e  p re sen ce  o f  magnesium s in c e  
a  wide "band s p e c tr a  i s  p r e s e n t ;  and (b ) re d u c in g  th e  s l i t  o n e - te n th  
a t  371 mu cau se s  th e  observed  lu m in o s ity  o f  b o th  th e  background and 
magnesium to  be abou t o n e-h u n d red th  as  g r e a t ,  w hereas a t  285*2 mu, a 
s im i la r  r e d u c t io n  in  s l i t  w id th  g iv e s  a one-h u n d red th  re d u c tio n  i n  
background and o n ly  about o n e - te n th  re d u c tio n  i n  magnesium lu m in o s ity  
re a d in g  ( s e c t io n  G and F ig u re  1 1 )•  B ecause o f  t h i s ,  i n  th e  p re sen ce  
o f  background i n t e r f e r e n t s  in  sam ples o f  w id e ly  v a r ia b le  co m p o sitio n , 
th e  s p e c t r a l  l i n e  i s  to  be p r e f e r r e d  over t h a t  o f  th e  m o lecu la r band* 
From th e  work o f  V a l le e ,^ 0 and from  an  in s p e c t io n  o f  th e  Handbook o f  
C hem istry  and P h y s ic s ,3 1 and th e  Beckman In s tru m e n ts  I n s t r u c t io n  
Manual f o r  th e  flam e p h o to m e te r s ,^  i t  would appear t h a t  s im ila r  
s e n s i t i v i t y  co u ld  be o b ta in e d  by u s in g  a  w aveleng th  o f  38*+ mu.
There i s  an "a rc "  l i n e  a t  t h i s  w aveleng th  ( 383 .8  mu) o f  m oderate 
a rc  in te n s i ty *  However, in  th e  flam e i t  i s  much le e s  in te n s e  th a n  
th e  l i n e  a t  285*2 mu. In  f a c t ,  i t  was im p o ssib le  to  f in d  a l i n e  
among th e  m o lecu la r band s p e c tr a  a t  t h i s  w av elen g th . F urtherm ore 
becau se  o f  th e  magnesium band s p e c t r a ,  background d e te rm in a tio n s  
co u ld  n o t be made.
3°B . L . Y a l le e ,  S im ultaneous d e te rm in a tio n  o f  sodium, p o ta ss iu m , 
c a lc  lien, magnesium, and s tro n tiu m  by a  new m u ltic h a n n e l f  lame spec t r o -  
m e te r , N a tu re  17^:1050-51 (195*0*
^X2. P . Hodgman ( e d i t o r ) ,  Handbook o f  C hem istry  and P h y s ic s .
3 5 th  e d i t io n  (C lev e lan d : Chem ical Rubber P u b lish in g  Company, 1953), 
p p . 2 5 ^ .  '
^B eckm an In s tru m e n ts . Beckman I n s t r u c t io n  M anual: Jfodels DU 
1  Flame S p e c tro p h o to m e te rs . B u l l e t in  33k ,  Beckman D iv is io n , Beckman 
In s tru m e n ts , I n c . ,  F u l l e r to n ,  C a l i f o r n ia ,  195*+. p p . 7 - 9 .
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SLIT  WIDTH (MM.)
F ig u re  1 1 . E f f e c t  o f  s l i t  width, on calcium  lu m in o s ity  ( s p e c t r a l
l i n e ) ;  w a te r and flam e lu m in o s ity  (continuum ) and t o t a l  lu m in o s ity  
(ca lc iu m  p lu s  "background).
S e le c to r ,  0 .1 ;  P h o to m u lt ip l ie r ,  F u l l  o r  4 ; S e n s i t i v i t y ,  9 tu rn s  (ccv) 
W avelength , 422 .7  mu
TOTAL: i s  th e  lu m in o s ity  observed  from a tom iz ing  a 0 .25  m Eq/l 
calc ium  c h lo r id e  s o lu t io n  in to  th e  f lam e .
WATER: I s  th e  lu m in o s ity  observed  from a tom iz ing  w ater in to  th e  
f la m e .
CA: i s  th e  c a lc u la te d  lu m in o s ity  from  th e  ca lc iu m , made by
s u b s t r a c t in g  th e  w a ter lu m in o s ity  (background) from th e  t o t a l  
lu m in o s ity .
PHOTOMULTIPLIER
LUMINOSITY
/ T O T A L '
'WATER
.C A  « 
'TO TAL  
WATER
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For s im ila r  re a so n s , i t  may "be seen  from  th e  d a ta  p re se n te d  in  
F ig u re  10 th a t  th e  s p e c t r a l  l i n e  a t  *4-22 .7  mu i s  to  he p r e f e r r e d  ov er 
th e  v a r io u s  m o lecu lar hand s p e c tra  when d e te rm in in g  ca lc iu m . T h is  
i s  p a r t i c u l a r ly  t r u e ,  s in c e  th e  lu m in o s ity  v e rsu s  c o n c e n tra tio n  a t  
low calcium  c o n c e n tra tio n s  (0 -1  m Eq/l) i s  n e a r ly  l i n e a r  a t  *422.7 mu 
(F ig u re  16 , p .  157) and may he a c c u ra te ly  determ ined  when u s in g  a 
p h o to m u lt ip l ie r  a tta ch m e n t. Chen and T o r i h a r a 3 3  have su g g es ted  th e  
u se  o f  th e  620 mu m o lecu la r hand . U sing  in s tru m e n ts  w ith  h ig h  
s e n s i t i v i t y ,  th e  o x y -a c e ty le n e  flam e , and su p p re ss in g  th e  r e l a t i v e  , 
flam e background hy means o f  narrow  s l i t  w id th s , t h i s  w aveleng th  
would appear to  he a poor c h o ic e .
G. S l i t  w id th  and r e s o lu t io n . A m ajor advantage o f  th e  
g r e a te r  e x c i t in g  powers o f  th e  o x y -a c e ty le n e  flam e i s  t h a t  sm a lle r  
s l i t  w id th s  may he u se d . As may he seen  in  F ig u re  11, th e  lu m in o s ity  
o f  th e  m e ta l (background c o rre c te d )  in c re a s e s  in  d i r e c t  p ro p o r tio n  
w ith  in c re a s in g  s l i t  w id th , w h ile  th e  background in c re a s e s  as about 
th e  square  o f  th e  s l i t  w id th . Because in c re a se d  background and 
in c re a se d  f lu c tu a t io n  r e s u l t i n g  in  low •p rec isio n  a re  so c lo s e ly  
r e l a t e d . sm all s l i t  w id th s  o f  0.0*4- mm o r  l e s s  a re  d i s t i n c t l y  advan­
tag eo u s . T h is w i l l  he  f u r th e r  d iscu ssed  (page 162 ) co n cern in g  th e  
in te r f e re n c e  o f  sodium on th e  d e te rm in a tio n  o f  ca lc iu m .
The re s o lv in g  power o f  th e  monochromator a t  th e  sm all s l i t  
w id th s  i s  dem onstra ted  hy th e  w ater and o x y -a c e ty le n e  flam e background 
(due to  e x c ite d  OH groups) a t  280 to  290 mu (F ig u re  1 2 ) . These
33p. s .  Chen, J r . ,  and T . Y. T o r ib a ra , D e te rm in a tio n  o f  calc ium  
in  b io lo g ic a l  m a te r ia l  hy flam e photom etry , A nal. Chem. 25 : l 6*42-*4*4 
( 1 9 5 3 ) .
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F ig u re  12 . F lam e-and-w ater "background a t  280 to  290 rap. u s in g  an 
o x y -ace ty len e  flam e .
S e le c to r ,  0 .1 ;  p h o to m u lt ip l ie r ,  F u l l ;  s e n s i t i v i t y ,  5*25 
tu rn s  (ccw ).
S l i t ,  0 .05  mm; a c e ty le n e , k p . s . i .  (w ith  8 p . s . i .  oxygen, 
flam e 7 cm h ig h ) .
A t 8 p . s . i .  oxygen; a  0 .2  m Eq/l MgClg s o lu t io n  was atom ized 
in to  th e  f lam e . S p e c tra  r e s u l t i n g  i d e n t i c a l  e x cep t a t  
betw een about 284 .8  to  285*5 mu a s  in d ic a te d  on th e  F ig u re
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s p e c tr a  were d e term ined  a t  th re e  d i f f e r e n t  oxygen p r e s s u r e s .  The' 
com plex ity  o f  th e  s p e c t r a  d em o n stra te s  th e  a p p a ren t d i f f i c u l t y  o f  
magnesium d e te rm in a tio n s  a t  t h i s  w av elen g th . The s im i l a r i t y  shows
ok
th e  r e p r o d u c ib i l i ty  o b ta in a b le ,  how ever. G ilb e rt e t  a l .  g iv e  a 
g raph  o f  lu m in o s ity  v e rsu s  w aveleng th  from  200 to  2000 mji, u s in g  th e  
oxy-hydrogen flam e and a ls o  a spectrum  o b ta in e d  u s in g  th e  n a tu r a l  g a s -  
oxygen f la m e . These show somewhat s im i la r  c o m p le x itie s  a t  280-290 mu. 
The w aveleng th  s e t t i n g  i s  s ta b le  and so , i f  a w aveleng th  i s  s e t  to  
g iv e  maximum lu m in o s ity  when 5 m E q/l magnesium s o lu t io n  i s  atom ized  
in to  th e  f lam e , re p ro d u c ib le  r e s u l t s  w i l l  be o b ta in e d . For background 
continuum  d e te rm in a tio n s  due to  sodium , p r o te in s  (a s  in  plasm a 
F ig u re  6 ) ,  i t  i s  advantageous f o r  magnesium to  use  th e  p la te a u  a t  
ab o u t 284 .5  mji and th e  maximum a t  2 8 6 .0  mu. I t  i s  obv ious t h a t  c a re  
m ust be  ta k e n , when d e te rm in in g  th e  w a te r  and flam e background a t  
th e  magnesium w aveleng th , n o t  to  d i s tu r b  th e  w aveleng th  s e t t i n g .
F o r ca lc iu m , i t  was found t h a t  th e  flam e background i s  v e ry  c o n s ta n t 
betw een abou t 4 l8  and 430 mu. The r e s o lv in g  power o f  th e  monochromator 
may be a s s e s s e d  from  th e  r e s u l t s  shown in  F ig u re  13 f o r  magnesium.
F o r ca lc iu m , th e  p r a c t ic e  h a s  b een  to  u se  420 a n d /o r  4-26 a s  th e  
w aveleng th  s e t t in g s  f o r  th e  d e te rm in a tio n  o f  th e  background due to  
sodium , p r o te in ,  e t c .  (F ig u re  1 4 ) .
^ G i l b e r t  e t  a l . ,  QTuc i t . (F o o tn o te  19 above)
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F ig u re  13 • R eso lv in g  power o f  th e  Beckman DU monochromator f o r  
magnesium a t  285 .2  mp. w ith  0 .05  mm s l i t  w id th .
Lum inosity  r e p o r te d  e q u a ls  t o t a l  lu m in o s ity  o b ta in e d  minus 
w a te r and flam e background a t  th e  same w aveleng th . 
Background e f f e c t s  o f  sodium ( l4  m Eq/l) and plasm a ( d i lu te d  
1:10).
In s tru m en t s e t t in g s  a s  g iv en  in  F ig u re  12 (oxygen a t  8 p . s . i . ) .
-  152 -
• P L A S M A  m o  
•C A L C IU M  .2 5
2 0
!0
\  SODIUM 14.
416 4 2 4 426 4 2 8 4 3 0
WAVELENGTH (MU)
F ig u re  l b .  R eso lv in g  power f o r  th e  Beckman DU monochromator f o r  
calc ium  a t  ^2 2 .8  mp w ith  0*03 mm s l i t  w id th .
L um inosity  e q u a ls  t o t a l  lu m in o s ity  minus w a ter and flam e 
"background a t  th e  same w aveleng th .
Background e f f e c t s  o f  sodium (lU  m Eq/l) and plasm a ( d i lu te d  
1 :20).
S e le c to r .  0 .1 ;  p h o to m u lt ip l ie r ,  s e n s i t i v i t y ,  9 .^ 2  tu rn s  
(ccw ).
Flam e, 7 cm h ig h ; oxygen, 8 p . s . i .
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H. P a r t  o f  flam e u sed . The o x y -ace ty len e  flam e as  
produced hy th e  d ire c t-a to m iz in g  tu r n e r  i s  c h a r a c te r iz e d  hy a 
lo v e r ,  b r ig h t ly  lum inous v h l te  cone (more e a s i ly  seen  th ro u g h  d a rk  
g la s s  such as  found in  w eld ing  g o g g le s ) . As th e  f u e l  p re s s u re  i s  
in c re a se d  o r  th e  oxygen p re s su re  d e c rea se d , t h e r e  i s  an  in c re a s e d  
lu m in o s ity , e s p e c ia l ly  o f  t h i s  lum inous p a r t  o f  th e  f la m e . T here i s  
a ls o  an in c re a se  in  th e  lu m in o s ity  o f  h o th  th e  background and th e  
elem ent under s tu d y . By a d ju s t in g  th e  concave m ir ro r  a t  th e  r e a r  o f  
th e  b u rn e r h o u sin g , d i f f e r e n t  p o r t io n s  o f  th e  flam e lu m in o s ity  may 
be d i r e c te d  in to  th e  m onochromator. The o p e ra tin g  in s t r u c t io n s  
fu rn ish e d  w ith  th e  in s tru m e n t-^  a re  vague in  t h a t  a d ju s t in g  th e  
b u rn e r m ir ro r  to  g iv e  maximum lu m in o s ity  a ls o  g iv e s  maximum b ack ­
ground when u s in g  1 mEq/l s o lu t io n s  o f  calc ium  a t  h 2 2 .7  mu o r 
magnesium a t  285.2  mu. High c o n c e n tra tio n s  (o f  th e  o rd e r  o f  10 
m Eq/l) cou ld  be u sed , b u t  m ight n o t  g ive  c o n d itio n s  s im i la r  to  
th o se  u sed  in  a n a ly s is .  W ith sodium o r po tassium  d e te rm in a t io n s ,  
th e  r e l a t i v e  background i s  so low th a t  t h i s  d i f f i c u l t y  in  a d ju s tm en t 
i s  n o t ex p e rien ced . P la c in g  a ca rd  a g a in s t  th e  e n tra n c e  m ir ro r  
housing  and moving i t  up o r down tow ard th e  l i g h t  beam u n t i l  p a r t  
o f  th e  i l lu m in a tio n  i s  in te r ru p te d  by n o tin g  a d e f l e c t i o n  o f  th e  
n u l l  m eter n eed le  o f  th e  p re v io u s ly  n u l le d  in s tru m e n t w i l l  lo c a te  
th e  e f f e c t iv e  l i g h t  p a th . On p la c in g  a w h ite  c a rd  in  f r o n t  o f  th e  
e n tra n ce  m ir ro r  w h ile  a tom izing  a 1 niEq/l s o lu t io n  o f  c a lc iu m , th e r e  
w i l l  be seen  th e  r e f l e c t i o n  o f  th e  flam e , w ith  an u p p er w h ite ,  h ig h ly
35Beckman In s tru m e n ts , op . c i t .  (F oo tno te  3 2 ) ,  p p . 8 -9 .
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lum inous p a r t  and a lo w er, re d  p a r t  o f  th e  h ig h ly  c o lo red  flam e .
The r e s u l t s  o f  fo c u s in g  th e  m ir ro r  such th a t  on ly  th e  c o lo re d  p a r t ,  
a l l  w h ite , o r  one h a l f  co lo re d  and w h ite  i l lu m in a t io n  e n te r s  th e  
monochromator i s  g iv en  in  F ig u re  15 , f o r  0 .2  m Eq/l calcium  c h lo r id e  
a t  a w avelength  o f  U22 .7  mu. From ex p erien ce  w ith  Bunsen b u rn e rs , 
one would ex p ec t a low er flam e tem p era tu re  and th u s  m e ta l lu m in o s ity  
when th e  monochromator i s  focu sed  below  th e  t i p  o f  th e  lum inous 
in n e r  cone o f  th e  flam e . However, from th e  d a ta  p re se n te d  in  F ig u re  
15 , l i t t l e  d if f e r e n c e  was n o te d . S im ila r  r e s u l t s  were observed  
u s in g  magnesium a t  285*2 mu. Because o f  th e  low er background, th e  
monochromator was fo cu sed  so t h a t  l i t t l e  o r  none o f  th e  l i g h t  from  
th e  low er h ig h ly  lum inous p a r t  o f  th e  flam e e n te re d  th e  m onochrom ator. 
G re a te r  w a te r and flam e background d if f e r e n c e s  would undoubtedly  be 
found i f  th e  s tu d ie s  were made in  th e  v i s ib l e  w avelength  range
(su ch  as  f o r  sodium a t  589 mu) where lu m in o s ity  from th e  in can d escen t
p a r t i c l e s  o f  unburned carbon  from th e  a c e ty le n e  would be a p p re c ia b le .  
Subsequent ex p e rim en ta tio n  h as  shown th a t  th e  b u rn e r m ir ro r  ad ju stm en t
w hich a llo w s b u t  l i t t l e  o f  th e  l i g h t  from t h i s  w h ite  lum inous cone
o f  th e  b u rn e r  to  e n te r  th e  monochromator i s  ve ry  s im ila r  to  t h a t  
o b ta in e d  fo llo w in g  th e  in s t r u c t io n s  su p p lie d  w ith  th e  in s tru m en t 
and u s in g  a  sodium s o lu t io n .
I .  F u e l and oxygen -p ressu res . O ptim al f u e l  and oxygen 
p re s s u re s  p re s e n t  a m ajor problem . Because o f  th e  v a r ia t io n  in  
b u rn e r s ,  and, more im p o rtan t, because o f  d i f f e r e n c e s  in  n eed le  v a lv e  
s e t t i n g s ,  th e  r e p o r t in g  o f  f u e l  p re s su re s  i s  o f  l i t t l e  meaning ex cep t 
f o r  com parative  pu rposes u s in g  th e  same b u rn e r and n eed le  v a lv e  s e tt in g .
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T O T A L FLUCTUATION
ACETYLENE-
PRESSU RE
400-
FOCUS
200 3 5
F O C U S
W A T E R CALCIUM
P R E S S U R E  t*s.UO X Y G E N
F ig u re  15 . E f f e c t  o f  a c e ty le n e  and oxygen p re s  su re  a , and th e  p o r t io n  
o f  th e  flam e fo cueed  on , on: ( l )  T o ta l  lu m in o s ity ; (2 )  L um inosity  
o f  th e  w a te r and flam e background; ( 3 ) Lum inosity  from  0 .2  mEq/l 
CaCl2 (background c o r r e c te d ) ;  and (4 ) F lu c tu a tio n s  o f  th e  n u l l  
m e te r .
W avelength, U2 2 .7  mu; S l i t ,  0 .03  mm.
S e le c to r  0 .1 ;  P h o to m u lt ip l ie r ,  F u l l ;  S e n s i t i v i t y ,  6 .3  tu rn s  (ccw) 
Focus o f  m ir ro r  in  b u rn e r  housing :
W -  lu m in o s ity  o f  th e  w h ite ,  low er 1 ca  o f  th e  flam e 
e n te re d  th e  monochromator 
C -  on ly  th e  lu m in o s ity  from th e  c o lo re d , upper p a r t  o f  th e  
flam e e n te re d  th e  monochromator 
l /2  -  th e  sh arp  l i n e  betw een th e  co lo re d  and w h ite  p a r t  o f  
th e  flam e was h a l f  way betw een th e  upper and low er l im i t s  
o f  th e  e f f e c t iv e  l i g h t  p a th  in to  th e  monochromator 
F lu c tu a t io n  (ran g e ) was e s tim a te d  by n o tin g  th e  maximum range  o f  
th e  n u l l  m eter f lu c tu a t io n s  o v er a 30 second p e r io d  u s in g  
500 u fd  c a p a c i to r  f lu c tu a t io n  su p p re ss io n . One n u l l  m eter 
u n i t  i s  app rox im ate ly  e q u a l to  1 lu m in o s ity  u n i t  a t  th e  
s e t t i n g  u sed .
Flame h e ig h ts  (cm) a t  oxygen p re s su re s  ( p . s . i . )  o f :  6 8 10
and a c e ty le n e  p re s s u re s  ( p . s . i . )  o f :  3 8 7
5 10 10 9
The f u e l  n e e d le -v a lv e  was l a t e r  a d ju s te d  to  g iv e  a 7*5 cm flam e 
•dhen used  w ith  an oxygen p re s s u re  o f  10 p . s . i . ,  and 5 p . s . i . C 2H2 .
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In s te a d , th e  t o t a l  h e ig h t  o f  th e  flam e when a tom iz ing  a s o lu t io n  
im p a rtin g  a c o lo r  to  th e  flam e such as 1 .5  m E q /l sodium c h lo r id e ,  
th e  r e l a t i v e  h e ig h t o f  th e  in n e r  w h ite  cone, and th e  r a t e  o f  w a ter 
a to m iz a tio n  would convey much more m eaning. As may he seen  from 
F ig u re  15 , in c re a se d  f u e l  p re s su re s  an d /o r d ecreased  oxygen p re s su re s  
cause  an in c re a se  in  lu m in o s ity  (w ith  no p r a c t i c a l  maximum) and w ith  
a s im ila r  o r  l a r g e r  in c re a se  in  background.
lu m in o s ity  re a d in g s  w ith  th e  b u rn e r u sed  in  th e se  experim ents 
w ere c r i t i c a l l y  dependent upon f u e l  p re s s u re .  A 0 .1  p . s . i .  (pounds 
p e r square inch ) change caus&s a 5 bo 10 p e r c e n t change in  
lu m in o s ity . A lthough oxygen p re s su re s  o f  l e s s  th a n  th e  m a n u fa c tu re r 's  
recommended 10 p . s . i .  ( e . g . ,  8 p . s . i . )  gave h ig h e r  lu m in o s ity  
re a d in g s  and th u s  s e n s i t i v i t y ,  enough h ig h e r background and 
f lu c tu a t io n s  r e s u l te d  t h a t  th e  recommended p re s su re  was u sed . A 
f u e l  p re s su re  which gave a flam e which was about 8 cm h ig h  (re a c h in g  
th e  to p  o f  th e  b u rn e r h o u sin g ) was used  in  most o f  th e  ex p erim en ts .
Thus, th e  m irro r  was focu sed  on th e  upper c o lo re d  p a r t  o f  th e  
flam e , th e  recommended oxygen p re s su re  was u sed , and a  f u e l  n e e d le -  
v a lv e  s e t t i n g  made so th a t  th e  gauge r e g i s te r e d  5 p . s . i . .  and th e  
flam e , when atom izing  1 .5  m Eq/l sodium c h lo r id e ,  was 7 .5  to  8 cm h ig h .
J .  Lum inosity  v e rsu s  c o n c e n tra t io n . C a l ib r a t io n  cu rves 
f o r  magnesium, sodium, ca lc ium , and po tassium  a re  g iv en  in  F ig u re  16. 
The S-shaped  curve fo r  po tassium  (0 -1  mEq/l) p re s e n ts  d i f f i c u l t i e s  in  
i n t e r p r e t a t i o n .  G i lb e r t  e t  a l .3 ^  re p o r te d  s im ila r  r e s u l t s  when u s in g  
th e  o ld e r  cham ber-type Beckman flam e pho tom eter. They r e l a t e d  i t  to
3^ Ib ld .
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F ig u re  1 6 . L u ra in o s ity -c o n c e n tra tio n  r e l a t io n s h ip s  f o r  th e  m ajor 
c a t io n s •
Flam e, 7 cm h ig h j 10 p . s . i . . oxygen. *1
^SClg CaCIs NaCl KC1
W avelength (mm) 285.2 ^22 . 17 589.2 7 ^ 5
S l i t  (mm) 0.05 0 .02 0 .02 0 .07
Photo tube Pm. Pm. Pm. Red
S e n s i t iv i ty F u l l F u l l 3 10 K me,
W ater and flam e background
eq u iv a len ce  (mEq/l) 14. 0.17 0.003 0.005
D ete rm in a tio n s  made 8 k h 2
V olum etric  d i lu t io n s  used 2 1 1 1
^-Lum inosities o f  2-10  m Eq/l Ca c a lc u la te d  from d a ta  o b ta in e d  hy 
u s in g  low er s e n s i t i v i t y .
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th e  e f f e c t  o f  oxygen  p r e s su r e  on lu m in o s ity  and th e  o b s e r v a t io n  t h a t  
a t  c o n c e n tr a t io n s  o f  100  ppm, th e  lu m in o s ity  v a s  in v e r s e ly  p r o p o r t io n a l  
t o  th e  oxygen  p r e s s u r e  and f la m e te m p e r a tu r e , w h ereas a t  h ig h e r  
c o n c e n tr a t io n s ,  maximum lu m in o s ity  was o b ta in e d  w ith  th e  h o t t e r  f la m e .  
When th e  same d a ta  w ere p l o t t e d  on  l o g - l o g  c o o r d in a t e s ,  a "bump" was 
n o te d  b etw een  0 .1  and 0.1* m E q/l i n  an o th e r w is e  sm ooth cu rv e  and i s  
e n t i r e l y  m is se d , a s  may b e  s e e n  in  F ig u r e  1 7 ,  i f  o n ly  0 .1  and 0 .5  
m E q/l c o n c e n tr a t io n s  a re  u se d  in  o b t a in in g  d a ta  f o r  th e  c u r v e . In  
f a c t ,  o n ly  th e  lu m in o s ity  o f  th e  0 .2  m E q/l datum i s  o f f  th e  c u r v e .  
H owever, en  a r it h m e t ic  p l o t t i n g  a s  i n  F ig u r e  16 ,  i t  i s  a p p a ren t t h a t  
an upward i n f l e c t i o n  s t a r t s  a t  0 .0 6  m E q /l. F u r th e r  s t u d ie s  a re  
in d ic a t e d .
From F ig u r e  1 6 , i t  may be n o te d  t h a t  th e r e  i s  a l in e a r  r e la t io n sh ip  
b etw een  lu m in o s ity  and c o n c e n tr a t io n  b e lo w  ab ou t 0 .1  m E q/l f o r  a l l  ft»ur 
c a t i o n s .
On p l o t t i n g  d a ta  o b ta in e d  from  e x p e r im en ts  u s in g  c a lc iu m ,  
sodium , s tr o n t iu m , m agnesium , p o ta ss iu m , and l i t h iu m  a t  t h e i r  m ost 
s e n s i t i v e  s p e c t r a l  l i n e s  on  l o g - l o g  c o o r d in a te s  (F ig u r e  1 7 ) ,  th e  
f o l lo w in g  c o n c lu s io n s  may b e  drawn:
a .  C alcium  and s tr o n tiu m  g iv e  a  l in e a r  cu rv e  o v e r  a r e l a t i v e l y  
w id e r  ran ge  o f  c o n c e n tr a t io n  ( i . e . ,  th e  shape i s  more 
n e a r ly  1 :1  o v e r  a w id er  r a n g e ) ,  and th u s  a re  w e l l  ad ap ted
t o  d e te r m in a t io n  by th e  m ethod o f  a d d i t io n  ( s e e  s e c t i o n  I I  C, 
P* 165 ) ;
b .  Magnesium and sodium  b o th  show a marked s e l f - a b s o r p t io n ;  
b e c a u se  o f  t h i s ,  th e  r e l a t i v e  s e n s i t i v i t y  ( u n i t  L in c r e a s e
-  159 -
SR1000
NA
400
CA,
too
LbU 10
S R
MG
CONCENTRATION (MEOAJ
J04M
F ig u re  IT . L u m in o s ity -c o n c e n tra tio n  r e la t io n s h ip  f o r  Ca, S r ,  Ha, K, 
L i ,  Mg, u s in g  a lo g - lo g  p l o t .
Flam e, 7 cm h ig h ; 10 p . s . i .  oxygen. A l l  as c h lo r id e s  in  
d i s t i l l e d  w a te r ex cep t L i as  th e  n i t r a t e .
W avelength (mm)
S l i t  (mm)
P ho to tube
S e n s i t i v i t y  
L um inosity  o f  1 m Eq/l
Ca S r Na K L i Mg
422 .7 E*j0 .7 589.2 7S6 .5
00!§■ 285.2
.02 .04 .02 .04 .04 .04
Bn. Pm. Pm. Red Red Bn.
F u l l 3 1 10K 10K F u l l
764 191 170 93 49 69
p e r  u n i t  c o n c e n tra tio n  in c re a se )  i s  a p p re c ia b ly  h ig h e r  a t  
th e  low er c o n c e n tra tio n s ;
c .  Po tassium  and l i th iu m  show m oderate s e l f - a b s o rp t io n ;
d . A lthough th e  cu rves a re  n e a r ly  superim posed, i t  w i l l  be 
n o ted  from th e  in s tru m e n ta l c o n d itio n s  u sed  as l i s t e d  in  
th e  legend  o f  F ig u re  17 th a t  magnesium re q u ir e s  much h ig h e r  
s e n s i t i v i t y  th a n  sodium, w hereas calc ium  occu p ies  an i n t e r ­
m ed ia te  p o s i t io n .  _____________
H .  Flame S p ec tro p h o to m etric  D e te rm in a tio n  o f  Calcium
A. Sodium e f f e c t s  on calc ium  lu m in o s ity . The sodium 
in te r f e r e n c e  w ith  th e  calcium  d e te rm in a tio n  i s  ex trem ely  s e r io u s ,  
b o th  as i t  a f f e c t s  th e  background and, more im p o rta n t, as i t  enhances 
th e  calc ium  lu m in o s ity . The e f f e c t  o f  sodium on calc ium  lu m in o s ity  
and th e  sodium background a t  v a r io u s  calcium  c o n c e n tra tio n s  i s  
p lo t te d  a g a in s t  th e  sodium c o n c e n tra tio n  in  F ig u re  18, u s in g  th e  
422 .8  mu s p e c t r a l  l i n e  o r  th e  554 mu m o lecu lar band s p e c tra  and th e  
o x y -ace ty len e  o r oxy-hydrogen flam e . W ith in c re a s in g  sodium 
c o n c e n tra t io n , th e  calcium  lu m in o s ity  i s  enhanced. At a c o n c e n tra tio n  
o f  abou t 10 m E q/l, sodium e x e r ts  no f u r th e r  r a d ia t io n  in t e r f e r e n t  
e f f e c t  on calcium  lu m in o s ity  u s in g  th e  o x y -ace ty len e  flam e a t  422.8  
mu (F ig u re  18a ) , a lth o u g h  th e  sodium background in c re a s e s  l in e a r ly  
w ith  in c re a s in g  sodium c o n c e n tra t io n . To show t h a t  t h i s  sodium
background i s  a continuum  and n o t due to  l i g h t  s c a t t e r  in  th e  monochrom-
37a t o r ,  th e  Corex f i l t e r  1 su p p lied  w ith  th e  monochromator and mounted
37This Corex f i l t e r  i s  su p p lie d  w ith  th e  in s tru m e n t so t h a t  th e  
tu n g e te n  lamp can be used as an u l t r a v i o l e t  source to  a w avelength  o f  
320 mu. The f i l t e r  s tro n g ly  absorbs r a d ia t io n  betw een 450 and 650 mu 
and th u s  red u ces  th e  s c a t te r e d  l i g h t  which would be observed  u s in g  thw 
tu n g s te n  lamp a t  th e  w avelengths betw een 320 and 450 mu.
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F ig u re  18 . Calcium  lu m in o s ity  (background c o rre c te d )  a s  a f f e c te d  by 
sodium u s in g  th e  o x y -ace ty len e  o r  oxy-hydrogen flam e a t  422 .8  
( l i n e  s p e c tra )  and 554 (m o lecu la r band s p e c tra )  m ill im ic ro n  
w aveleng th .
P h o to m u lt ip l ie r ,  f u l l ;  S e n s i t i v i t y ,  (0222 )7 - 10 ( ^ ) 0- 1 .
S o lu t io n s  a s  th e  c h lo r id e s  d i lu te d  w ith  0 .02  p e r c e n t S te ro x .
A~________ B C___  D
F u e l
Flame h e ig h t  (cm)
Oxygen ( p . s . i . )  
W avelength (mm)
S l i t  w id th  (mm) 
S e n s i t i v i t y  ( tu r n s  ccw) 
L um inosity  
0 .1  m Eq/l Ca 
5 .  m Eq/l Na 
0 .1  m Eq/l Ca 5 m Eq/l 
Na enhancement ($>) c a . 
Na Background ($ ) c a .
A cd ty lene  A cety len e  Bydrogen Bydrogen
8 8 8 8
7 7 10 10
422.7 554. 422.7 554.
0 .03 0.03 0 .06 0.03
9 9 0 .0 1 .0
3 8 .7 1 4 .0 41 .3 15 .6
.7 2 .2 12 .9 5 .0
1 5 2 .2 2 3 .8 5 3 .2 2 1 .1
33. 54 . -  2 .4 3 .2
1 .8 15 .7 3 1 .2 3 2 .0
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J u s t  in  f r o n t  o f  th e  e n tra n c e  s l i t ,  was p la c e d  i n  th e  l i g h t  p a th .
When used  a t  589*0 mu, th e  w av elen g th  o f  th e  sodium r a d i a t i o n ,  th e  
sodium lu m in o s ity  im ping ing  on th e  p h o to tu b e  i s  red u ced  to  l e s s  th a n  
0 .0 2  p e r  c e n t o f  th e  lu m in o s ity  w ith o u t th e  f i l t e r .  When u sed  a t  
1*2 2 .8  mu, ab o u t 98  p e r  c e n t o f  th e  lu m in o s ity  i s  ab so rb ed , g iv in g  a 
trem endous re d u c t io n  i n  s e n s i t i v i t y  a t  t h i s  w av e len g th . Even so , th e  
sodium background i s  b u t  p a r t i a l l y  ab so rb ed . L ik ew ise , a t  285 mu, 
th e  sodium background i s  l i t t l e  a f f e c t e d .
I n t e r e s t i n g l y ,  a  s im i la r  r a d i a t i o n  enhancem ent phenomena i s  
o b se rv ed  (F ig u re  l 8B) when u s in g  th e  m o le c u la r  band s p e c tra  a t  55^ 
mu, and ab o u t th e  same c o n d it io n s  a s  a t  th e  s p e c t r a l  l i n e  w av elen g th . 
The sodium background , how ever, 1b much l a r g e r  in  p ro p o r t io n  to  
ca lc iu m  lu m in o s ity  a t  t h i s  w av e len g th , and , s in c e  b o th  th e  calcium  
and sodium lu m in o s ity  a t  t h i s  w av elen g th  a r e ,  i n  e f f e c t ,  a continuum , 
in c re a s in g  s l i t  w id th s  w i l l  in c re a s e  b o th  to  th e  same e x te n t .  As 
em phasized p r e v io u s ly ,  t h i s  sodium background , in  th e  p re sen ce  o f  
ca lc iu m , i s  o n ly  w ith  d i f f i c u l t y  d e te rm in a b le  a t  55^ mu, r e q u i r in g  
c a l i b r a t i o n  cu rv es  and a knowledge o f  th e  c o n c e n tra t io n  o f  th e  
sodium and o th e r  background i n t e r f e r e n t s .  From th e s e  d a ta  i t  would 
ap p ear t h a t  a sim ple  way to  c o r r e c t  f o r  th e  sodium in te r f e r e n c e  would 
be to  u se  " r a d ia t io n  b u f f e r s "  w hereby sodium i s  added to  b o th  th e  
sam ple and th e  s ta n d a rd  so t h a t  more th a n  abou t 15 m Eq/l a re  p re s e n t  
and so d i f f e r e n c e s  in  sam ple sodium c o n c e n tr a t io n  would g iv e  i n s ig ­
n i f i c a n t  d i f f e r e n c e s  in  r a d i a t i o n  in t e r f e r e n c e .  U sing  th e  422 .8  mu 
w av elen g th  f o r  th e  ca lc ium  in  b o th  s ta n d a rd  and sample lu m in o s ity  
d e te rm in a tio n s , and 420 and 426 mu to  d e te rm in e  th e  sodium background ,
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a c c u ra te  d e te rm in a tio n s  o f  calc ium  c o n c e n tra tio n  cou ld  "be o b ta in e d . 
B io lo g ic a l  m a te r ia l s  a re  n o t so s im p le . O ther m a te r ia ls  such as 
ph o sp h ate  have v a ry in g  r a d i a t i o n  in te r f e r e n c e  e f f e c t s .
U sin g  th e  c o o le r  oxy-hydrogen flam e , sm a lle r  sodium r a d ia t io n  
enhancem ent and low er s e n s i t i v i t y  were observed  (F ig u re  l 8 c  and D ) .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e re  i s  a p p a re n tly  no p la te a u  in  
sodium enhancing  e f f e c t  a t  th e  c o n c e n tra tio n s  u se d . Because o f  th e  
ex trem ely  h ig h  background c o r r e c t io n s ,  a c c u ra te  d a ta  were n o t o b ta in e d . 
F u rth e rm o re , i t  may be Been th a t  th e  enhancing  e f f e c t  o f  sodium which 
i s  s m a ll, r e l a t i v e  to  th e  la r g e  background, co u ld  e a s i ly  be m issed . 
T h is  may e x p la in  th e  co n c lu s io n s  o f  Y allee3®  th a t  background e f f e c t s  
a re  th e  o n ly  ones o f  im portance in  flam e sp e c tro p h o to m e tr ic  a n a ly s e s . 
From th e se  d a ta  i t  was concluded t h a t  d i f f e r e n c e s  in  flam e tem p era tu re  
and c h a r a c t e r i s t i c s  due to  d i f f e r e n c e s  in  f u e l  u sed  g iv e  d i f f e r e n c e s  
in  i n t e r f e r e n t  e f f e c t s ,  m aking i t  d i f f i c u l t  to  p r e d ic t  th e  deg ree  o f  
r a d i a t i o n  in te r f e r e n c e  even  i f  th e  c o n c e n tra t io n  o f  a l l  i n t e r f e r e n t s  
i s  known. T h is  shows th e  h a za rd  and d i f f i c u l t y  which m ight be 
en co u n te red  i f  c o r r e c t io n  f a c to r s  a re  a ttem p ted  f o r  th e  flam e pho to ­
m e tr ic  d e te rm in a tio n  o f  calc ium  in  th e  p re sen ce  o f  sodium and o th e r  
i n t e r f e r e n t s .  B ecause o f  th e  h ig h e r  s e n s i t i v i t y  and low er background 
o b ta in a b le ,  th e  o sy -a c e ty le n e  flam e and th e  s p e c t r a l  l i n e  a t  422 .8  mu 
w ere u sed  in  subsequen t d e te rm in a tio n s .
B . P hosphate  e f f e c t s  on calc ium  lu m in o s ity . Many methods 
u sed  f o r  th e  d e te rm in a tio n  o f  calc ium  c o n c e n tra t io n , in c lu d in g  m ost
38V a lle e , op .  c i t .  (F o o tn o te  30)
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flam e sp ec tro p h o to m etr ie  p ro c e d u re s , a re  p lagued  w ith  phosphate  
In te r f e r e n c e .  T h is  i s  a p p a re n tly  due p r im a r i ly  to  th e  so lu b le  ca lc ium - 
phosphate  complexes which a re  r e a d i ly  form ed. From th e  work o f  
Baker e t  a l .^ 9  and D ipp le  e t  a l . ^  on th e  e f f e c t s  o f  an io n s  on 
calc ium  lu m in o s ity  and on th e  d e te rm in a tio n  o f  phosphate  c o n c e n tra tio n  
hy i t s  e f f e c t  on calc ium  o r magnesium, i t  would appear t h a t  some 
complex i s  p r e s e n t ,  even a t  th e  h ig h  flam e te m p e ra tu re s , which 
in t e r f e r e s  w ith  th e  r e s o n a tin g  and e m itt in g  o f  photons hy th e  calcium  
atom , cau s in g  a n e g a tiv e  enhancem ent. S e v e ra l calcium -phosphorous 
compounds a re  q u ite  s t a b l e ,  i f  m e ltin g  p o in t  may he u sed  3n th is *
in s ta n c e  as  a  c r i t e r i o n .  For in s ta n c e ,  C a ^ P O ^ g  m e lts  a t  167O0 C.
1^ 1
and Ca^Pg a t  more th an  l600° C. D ipp le  e t  a l .  found a maximal 
d e p re ss io n  a t  calc ium  to  phosphorous r a t i o s  o f  abou t one u s in g  th e  
o x y -ace ty len e  flam e and d ire c t-a to m iz in g  Beckman b u rn e r .  The in c re a se d  
lu m in o s ity  beyond th e  p la te a u  minimum th ey  observed  i s  p o s s ib ly  due 
to  in c re a s in g  background lu m in o s ity  produced by th e  p h o sp h a te .
Ammonium hydrogen phosphate  a t  M/lO c o n c e n tra tio n s  im p arts  a w h ite  
c o lo r  to  th e  flam e .
A low er (10 p e r  c e n t compared to  about 50 p e r  c e n t)  d e p re ss io n  
was found when calc ium  s o lu tio n s  o f  low (0 .1  m Eq/l) c o n c e n tra tio n s  
were an a ly zed . A pp aren tly  a t  h ig h e r  c o n c e n tra t io n s , th e  d e p re ss io n
^G. L . Baker and L . H. Johnson , E f f e c t  o f  an io n s  on calcium  f in e  
em iss io n  in  flam e photom etry , A n a l. Chem. 26:1*65-68 (195*0 «
1,cv. A. D ip p e l, C. E . B r ic k e r , and N. H. Furman, Flame pho to m etric  
d e te rm in a tio n  o f  p h o sp h ate , A nal.  Chem. 2 6 : 553-56  (195*0 •
^Hodgman, Handbook o f  C hem istry  and P h y s ic s , op . c i t .  (F oo tno te  
31) , pp . **96-97.
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i s  p r o p o r t i o n a l l y  g r e a te r .  I t  i s  im p o rtan t in  th e  u n d e rs tan d in g  o f  
flam e spec tro p h o to m etry  to  r e a l i z e  t h a t  th e  em issio n  from  calc ium  a t  
k2 2 ,Q mu i s  from  n e u t r a l ,  n o t  io n iz e d , a to m s ,^  and th u s  an y th in g  
c au s in g  a  l a r g e r  o r  sm a lle r  p ro p o r t io n  o f  th e se  n e u t r a l ,  unbound 
atoms w i l l  cause subsequen t in te r f e r e n c e .
C . A s e l f - s ta n d a r d iz a t io n  method f o r  th e  flam e s p e c tro -
Iiq
•photom etric d e te rm in a tio n  o f  calc ium  in  b io lo g ic  m a te r ia l s .
Because th e  flam e sp ec tro p h o to m e tr ic  d e te rm in a tio n  o f  calc ium  
r e q u i r e s  h ig h  flam e te m p e ra tu re s  and h ig h  p h o to d e te c to r  s e n s i t i v i t y ,  
im p o rtan t l im i t a t i o n s  a re  imposed on th e  a p p l ic a t io n  o f  t h i s  u s e f u l  
m ethod to  b io lo g ic a l  m a te r ia l ,  s in c e  background and r a d ia t io n  i n t e r ­
fe re n c e  a re  ex ag g e ra ted  under th e se  c o n d it io n s .  For th e  d e te rm in a tio n  
o f  serum calcium  a f t e r  t r i c h l o r a c e t i c  a c id  (T C A )d ep ro te in iza tio n , 
S everin g h au s and F e r r e b e e ^  found good agreem ent w ith  th e  o x a la te  
p r e c ip i t a t i o n  method o f  S e n d r o y ^  by u s in g  s y n th e t ic  s tan d a rd s  con­
ta in in g  sodium, p o ta ss iu m , and TCA in  app rox im ate ly  th e  same
A hrens, oja, c i t .  (F o o tn o te  25)
1*3
The m a te r ia l  p re s e n te d  in  t h i s  s e c t io n  was f o r  th e  m ost p a r t  
a b s t r a c te d  from a p ap er w ith  th e  same t i t l e  by C. F . R othe and L . A. 
S a p i r s t e in ,  which i s  b e in g  p u b lish e d  in  th e  Ju ly , 1955, is s u e  o f  th e  
Am erican J o u rn a l  o f  C l in ic a l  P a th o lo g y .
)[lj
J .  W. S everinghaus and J .  W. F e rre b e e , Calcium  d e te rm in a tio n  
by flam e photom etry : Methods f o r  serum, u r in e ,  and o th e r  f l u i d s ,  J .  
B io l . Chem. 187 :621-30  (1 9 5 0 ).
1*5
J .  Sendroy, J r . ,  D e te rm in a tio n  o f  serum calc ium  by p r e c i p i t a ­
t i o n  w ith  o x a la te ,  J .  B io l . Chem. 152:539*56 (19*1*0 •
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k6 -k 8c o n c e n tra t io n s  a s  I n  th e  serum f i l t r a t e .  I t  h a s  t e e n  shown, 
how ever, t h a t  p h o sp h a te , p re s e n t  In  serum , p roduces r a d ia t io n
llQ
in te r f e r e n c e .  In  th e  -presence o f  plasm a p r o te in s ,  Chen y  found no 
c o r r e c t io n  f o r  phosphate  to  "be n e c e s sa ry . F o r u r in e  and o th e r  
■ b io log ica l m a te r i a l s ,  S everinghaus and F e r r e h e e ^  p re s e n t  c a l i b r a t i o n  
c u rv e s , b a se d  on th e  de term ined  sodium and po tass iu m  c o n c e n tra t io n , 
f o r  th e  c o r r e c t io n  o f  background in te r f e r e n c e  due to  th e se  c a t io n s .  
They d id  n o t ,  how ever, c o n s id e r  th e  e f f e c t s  o f  o th e r  m a te r ia l s ,  n o t 
th e  c o n s id e ra b le  r a d i a t i o n  enhancem ent produced by sodium and 
p o ta ss iu m .
S e v e ra l  o th e r  approaches have been  employed f o r  th e  e l im in a tio n  
o f  background and r a d i a t i o n  in te r f e r e n c e .  The u se  o f  r a d ia t io n  
" b u f fe rs "  i n  which an overwhelm ing ex cess  o f  i n t e r f e r i n g  su b s tan ces  
i s  added to  b o th  s ta n d a rd s  and unknown i s  a  common sp ec tro c h e m ica l 
p r o c e d u r e . T h i s  m ethod h as  b een  employed by W est^1 in  w a ter 
a n a ly s is  o f  ca lc iu m . I t  s u f f e r s  from th e  d isad v a n ta g e  t h a t  th e  
background i s  in c re a s e d  to  such h ig h  l e v e l s  t h a t  accu racy  i s  red u ced . 
I n t e r n a l  s ta n d a rd s ^2 se rv e  w e ll  to  c o n tro l  In s tru m e n ta l  c o n d itio n s
^ B a k e r  and Jo hnson , o p . c i t .  (F o o tn o te  39)
'Chen and T o r ib a ra , op . c i t .  (F o o tn o te  33)
“Si!. E . M osher, N. I ta n o ,  A. J .  B oy le , G. B . M eyers, and L . T . 
I s e r i ,  The e s t im a t io n  o f  calc ium  in  human plasm a by flam e s p e c tro ­
p h o to m etry , Am. J .  C l in .  P a th . 21 : 75-78  ( 1951) .
^9chen and T o r ib a ra , e p . c i t . (F o o tn o te  33)
^ A h r e n s ,  o p . c i t  (F o o tn o te  25 )
51p . W. W est, P . F o ls e ,  and D. Montgomery, A p p lic a t io n  o f  flam e 
sp ec tro p h o to m etry  to  w a te r a n a ly s is ,  A n a l. Chem. 2 2 : 667-70  ( 1950) .
•^ B e rry , C h a p p e ll, and B arn es , op . c i t . (F o o tn o te  18)
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such as  f u e l  p re s s u re ,  f l u i d  f lo w , and in s tru m e n ta l  s e n s i t i v i t y ,  h u t ,  
a s  w i l l  he shown helow , in a d e q u a te ly  c o r r e c t  f o r  th e  r a d ia t io n  i n t e r ­
fe re n c e  o f  h ig h , h u t  p h y s io lo g ic a l  c o n c e n tra tio n s  o f  sodium and 
p h o sp h a te . E x t r a p o la t io n  o f  th e  r a t i o  o f  unknown to  s ta n d a rd
lu m in o s ity  to  i n f i n i t e  d i l u t i o n  hy su c c e ss iv e  d i lu t i o n  o f  th e  samples
53a s  recommended hy Beckman In s tru m e n ts  i s  a ls o  n o t  ad eq u a te , as  w i l l
he  shown in  th e  d e te rm in a tio n  o f  th e  u s u a l  p h y s io lo g ic a l  c o n c e n tra tio n s
o f  calc ium  in  th e  p re sen c e  o f  sodium .
S y n th e tic  s ta n d a rd s  which c o n ta in  th e  same c o n c e n tra tio n s ;-o f
in te rfe re n fc s  as  th e  sample to  he an a ly zed  a re  s a t i s f a c to r y  f o r  th e
flam e a n a ly s is  o f  ca lc ium  in  m a te r ia ls  o f  r e l a t i v e l y  un ifo rm  com posi-
liL.
t i o n  such a s  serum , ^  ^ ' h u t  would appear to  he c l e a r ly  im p ra c t ic a l
f o r  m a te r ia l s  o f  v a r ia b le  co m p o sitio n  such as  u r in e ,  f e c e s ,  and fo o d s . 
I t  i s  e s s e n t i a l  in  th e  employment o f  such s y n th e t ic  s ta n d a rd s  t h a t  a l l  
s ta n d a rd s  c o n ta in  th e  same c o n c e n tra t io n  o f  i n t e r f e r e n t s  as  th e  
unknown, a  p ro cedu re  n o t alw ays fo llo w e d .55 ,57  s e p a ra t io n  o f
ca lc ium  from  i n t e r f e r i n g  su b s ta n c es  hy p r e c ip i t a t i o n  o r a b so rp tio n
53Beckman In s tru m e n ts , op . c i t . (F o o tn o te  32)
5I1
^ J .  R . D enson, Flame p h o to m etric  d e te rm in a tio n  o f  e l e c t r o l y t e s  
i n  t i s s u e  and o f  calc ium  i n  serum , J .  B io l . Chem. 209:233-^0  (1 9 5 ^ ).
55V. K a p u sc in sk i, N. Moss, B . Zak, and A. J .  B oyle, Q u a n ti ta t iv e  
d e te rm in a tio n  o f  calc ium  and magnesium in  human serum hy flam e s p e c tro ­
p h o tom etry , Am. J .  C l in . P a th . 2 2 :687-91  (1 9 5 2 ).
56
G. R . K in g s ley  and R . R . S c h a f f e r t ,  D ire c t  m ic ro d e te rm in a tio n  
o f  sodium , p o ta ss iu m , and calc ium  in  a s in g le  b io lo g ic a l  specim en,
A n a l. Chem. 25 : 1738-^1  (1 9 5 3 ).
^ A .  D. W iner and D. M. Kuhns, Calcium  d e te rm in a tio n  hy flam e 
sp ec tro p h o to m etry , Am. J .  C l in . P a th . 23:1259-62 (1 9 5 3 ).
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and subsequen t tu rn in g  in  th e  flam e has been  su g g es ted . Calcium i s  
s e p a ra te d  a s  th e  o x a la te  by Chen,^® K in g sley  and S c h a f f e r t , - ^  P o w e l l , ^  
and v o n S ch lu tz ;^0 a s  th e  phosphate  by Mosher e t  a l .  D e n s o n ,^  and 
B rabson and W i l h i d e ^  ach ieve  t h e i r  s e p a ra tio n s  w ith  c a t io n  exchange 
r e s i n s .  A p art from  th e  f a c t  t h a t  p r e c ip i t a t io n s  and io n  exchange 
p ro ced u res  a re  o f te n  tim e consum ing, i t  may be n o ted  t h a t :  (a ) p re ­
c i p i t a t i o n  o f  calc ium  as  th e  phosphate r e s u l t s  in  th e  in c o rp o ra tio n
in to  th e  calcium  s o lu t io n  o f  an amount o f  phosphate  which i s  c r i t i c a l
fihf o r  r a d i a t i o n  in te r f e r e n c e ;  (b) e lu t io n  o f  calc ium  from th e  
a b s o rp tio n  column c o n s is te n t ly  y ie ld s  more calc ium  th an  was p u t in to
65
i t  i n  th e  hands o f  a t  l e a s t  one w orker; and (c ) th e  s e p a ra t io n  o f  
sodium, which i s  one o f  th e  m ost im p o rtan t r a d ia t io n  i n t e r f e r e n t s ,  
from  calc ium  by io n  exchange i s  d i f f i c u l t .  W hile th e se  o b je c t io n s  
canno t be made to  th e  o x a la te  p r e c ip i t a t i o n  m ethod, th e  l a t t e r  i s  
tim e consum ing, i s  n o t a p p lic a b le  to  th e  d e te rm in a tio n  o f  calcium
58Chen and T o r ib a ra , op . c i t . (F o o tn o te  33)
J .  N. P ow ell, The d e te rm in a tio n  o f  calc ium  in  b io lo g ic a l  
f l u i d s  by flam e photom etry , J .  C l in . P a th .  6 : 286-89  (1953) •
G. 0 .  v o n S ch lu tz , D ie q u a n t i ta t iv e  flam m enphotom etrische 
Bestiramung des C alcium s im B lu tserum , Schw eiz. Med. W ochschr.
83 :383-84  (1 9 5 3 ).
^M o sh er e t  a l . , op . c i t .  (F o o tn o te  48)
^ D e n so n , op . c i t . (F oo tno te  54)
J .  A . B rabson and W. D. W ilh id e , Flame pho to m etric  d e te rm in a tio n  
o f  calc ium  in  w e t-p ro cess  phosphoric  a c id ,  A nal. Chem. 26:1060-61 (lSFjlj).
^^Baker and Johnson , op . c i t .  (F o o tn o te  39 )
^^Denson, p p . c i t . (F oo tno te  54)
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i n  th e  p resen ce  o f  c h e la t in g  ag en ts  such as T er s e n e , ^  and may n o t
67h e q u a n t i t a t iv e ,  p a r t i c u la r ly  in  d i l u t e  s o l u t i o n s .  1
The m ethod p rop osed  and i l l u s t r a t e d  h e r e  f o r  th e  d e te r m in a tio n
o f  c a lc iu m  hy fla m e sp ec tro p h o to m etry  in  th e  p r e se n c e  o f  r a d ia t io n
and "background in t e r f e r e n c e  i s  a m o d if ic a t io n  o f  a  stan d ard  s p e c tr o -
6ftchem ical p rocedu re  which r e c e n t ly  h as  heen  a p p lie d  to  th e  
d e te rm in a tio n  o f  s tro n tiu m  in  sea w a te r . In  t h i s  m ethod, th e  
unknown i t s e l f  i s  u sed  in  th e  p re p a ra t io n  o f  th e  " s ta n d a rd ” s o lu t io n .
The lu m in o s ity  v a lu e  o f  a known q u a n t ity  o f  c a lc iu m  under th e  
c o n d it io n s  o f  in t e r f e r e n c e  e x i s t i n g  in  th e  unknown s o lu t io n  i s  
d eterm in ed  hy m easu rin g  th e  in c r e a s e  i n  lu m in o s ity  produced hy  th e  
a d d i t io n  o f  a u n i t  o f  c a lc iu m ’t o  th e  unknown s o lu t i o n .  Under th e  
Bame c o n d i t io n s ,  th e  c o n c e n tr a t io n  o f  c a lc iu m  in  th e  unknown s o lu t io n  
i s  th e n  d eterm in ed  from  th e  r a t i o  o f  th e  lu m in o s ity  m inus background  
o f  an a l iq u o t  o f  th e  unknown t o  th e  lu m in o s ity  o f  th e  known q u a n t ity  
o f  c a lc iu m .
The method as o u t l in e d  and e v a lu a te d  was found , d u rin g  i t s  
developm ent, to  he re p ro d u c ib le  to  t  it p e r  c e n t and a c c u ra te  to  
w ith in  -3 to  -f 10 p e r  c e n t .  I t s  p rim ary  advan tages a re :  ( l )  
v e r s a t i l i t y ,  s in c e  th e  calcium  c o n te n t o f  a lm ost any b io lo g ic a l  
m a te r ia l  which can he b ro u g h t in to  s o lu t io n  can he d e term ined ;
(2 ) ease  and r a p i d i t y ,  s in c e  on ly  th re e  p ip e t t in g s  and about tw enty
66
M. R ubin , C h e la tin g  ag en ts  in  th e  s tu d y  o f  calc ium  m etabolism , 
T . Macy Conf. M etabo lic  I n te r r a c t io n s  5 :355“67 (1953)•
^ S e n d r o y , o p . c i t . (F o o tn o te  V?)
^ A h re n s , op . c i t . , p .  135 (F o o tn o te  25 )
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m in u tes  a re  r e q u ire d  f o r  a d u p l ic a te  flam e d e te rm in a tio n ; and ( 3 ) 
s e n s i t i v i t y ,  s in c e  d u p l ic a te  d e te rm in a tio n s  a re  p o s s ib le  on sam ples 
c o n ta in in g  l e s s  th a n  10 m icrogram s o f  ca lc iu m .
T h is  method o f  a n a ly s is  r e q u i r e s :  ( l )  a h ig h  p h o to d e te c to r  
s e n s i t i v i t y ,  s in c e  th e  m ethod i s  in a p p l ic a b le  when th e  d i lu te d  un­
known c o n ta in s  more th a n  0 .15  m Eq/l o f  c a lc iu m ; and (2 ) th e  a c c u ra te  
d e te rm in a tio n  o f  th e  background lu m in o s ity . In s tru m e n ts  o f  t h i s  
h ig h  s e n s i t i v i t y ,  s p e c t r a l  r e s o lu t io n ,  and s t a b i l i t y  have o n ly  
r e c e n t ly  become g e n e ra l ly  a v a i l a b le .
M ethods. The m ethods fo llo w e d  a re  th o se  w hich have b een  d e sc r ib e d  
above ( s e c t io n  I ) .  F u l l  p h o to m u lt ip l ie r  s e n s i t i v i t y  i s  u s e d . W ater 
b la n k s  a re  p re p a re d  w ith  p r e c i s e ly  th e  same te c h n iq u e s  u sed  f o r  th e  
unknown and s ta n d a rd  sam p les . D r a f ts  and te m p e ra tu re  g r a d ie n ts  a re  
av o id ed . The l e v e l  o f  th e  s o lu t io n  in  th e  sample cups i s  k e p t abou t 
th e  same f o r  a l l  s o lu t io n s .
The o x y -a c e ty le n e  flam e i s  u s e d . Oxygen i s  s u p p lie d  a t  th e  
recommended p re s s u re  and th e  f u e l  p re s s u re  and n e e d le -v a lv e  a re  
a d ju s te d  to  g iv e  a flam e 7 to  8 cm h ig h  when a to m iz in g  a  1 m Eq/l 
sodium o r  ca lc ium  s o lu t io n  in to  th e  f la m e .
The s p e c t r a l  l i n e  a t  ^ 2 2 .8  mu i s  u s e d . M inim al s l i t  w id th s  o f  
0 .0 2  to  0 .05  mm w ere u s e d . S l i t  w id th s  o f  0 .0 2  mm a re  p r e f e r a b le ,  
b u t  a re  o b ta in a b le  o n ly  i f  maximum p h o to m u lt ip l ie r  s e n s i t i v i t y  i s  
u s e d . The 90 v o l t  b a t t e r i e s  u sed  i n  th e  p h o to m u lt ip l ie r  m ust be in  
good c o n d i t io n .  C a p a c ito r  dampening i s  c o n s id e re d  to  be  e s s e n t i a l .
The lu m in o s ity  o f  th e  background i s  d e te rm in ed  a t  b20 mu. The 
background a t  b2.6 mu h a s  b een  found to  be th e  same and can  be u s e d ,
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ex ce p t In  th e  p re sen ce  o f  la r g e  amounts o f  chromium. Calcium  
s o lu t io n s  o f  100 tim es  th e  c o n c e n tra t io n  o f  th o se  u sed  g iv e  no 
d e te c ta b le  background a t  th e  w aveleng ths recommended.
P ro ce d u re . Samples shou ld  be d i lu te d  to  g iv e  a t o t a l  calc ium  
c o n c e n tra t io n  o f  l e s s  th a n  0 .1 5  m Eq/l and p re fe ra b ly  l e s s  th a n  0 .10  
m E q/l. T hus, f o r  p lasm a, a 250 m ic r o l i t e r  a l iq u o t  i s  p ip e t te d  in to  
a  25 ml v o lu m e tric  f la s k , and in to  a  second f l a s k ,  250 m ic r o l i t e r s  o f  
plasm a and an e q u a l volume o f  a 5 m Eq/l s ta n d a rd  calc ium  c h lo r id e  
s o lu t io n  a re  p ip e t t e d .  These a re  th e n  d i lu te d  to  th e  mark w ith  a
0 .0 1  p e r  c e n t S te ro x  s o lu t io n  and a t h i r d  f l a s k  i s  a ls o  f i l l e d  to  
se rv e  a s  th e  w a te r b la n k .
A s in g le  d e te rm in a tio n  c o n s i s t s  o f  th e  fo llo w in g  te n  lu m in o s ity  
m easurem ents (each  r e q u ir in g  abou t 30 seconds and 1 ml o f  s o lu t io n ) :
A t 1*22.8 mu, th e  lu m in o s ity  o f  th e  w a te r ,  th e  unknown, and th e  
unknow n-plus-added-calcium  a re  d e te rm in ed  and th e n  re p e a te d  in  
re v e r s e  o rd e r .  The lu m in o s ity  o f  w a te r and th e  unknown a re  de term in ed  
and th e n  re p e a te d  in  re v e r s e  o rd e r  a t  1*20 mu to  g iv e  th e  background 
lu m in o s ity . When th e  r e s u l t s  a re  av e rag ed , any d r i f t  in  gas p r e s ­
s u re s ,  te m p e ra tu re , o r  e l e c t r i c a l  c i r c u i t  c o n d it io n s  a re  m in im ized .
The w a te r lu m in o s ity  i s  s u b tr a c te d  from  a l l  re a d in g s  and th e  calc ium  
c o n c e n tra t io n  i s  c a lc u la te d .
For su b s ta n c es  o th e r  th a n  p lasm a, where th e  d i l u t i o n  re q u ire d  
i s  n o t  c e r t a i n ,  an app rox im ation  to  th e  d e s i r a b le  d i l u t i o n  to  be used  
i s  o b ta in e d  by m aking a rough 1:25  d i l u t i o n  and u s in g  a  c a l i b r a t i o n  
cu rve  s im ila r  to  th o se  o f  F ig u re  16 o r  17 f o r  p re lim in a ry  e s t im a tio n  
o f  calc ium  c o n c e n tra t io n .
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C a lc u la t io n s .  The ca lc iu m  c o n c e n t r a t io n  o f  th e  unknown i s :
I o s  S
Where:
Cy i s  th e  c o n c e n tra tio n  o f  th e  unknown.
Ly i s  th e  lu m in o s ity  o f  V ml o f  th e  unknown d i lu te d  to  F ml 
a t  th e  -wavelength g iv in g  maximum lu m in o s ity .
L gQ  i s  th e  lu m in o s ity  o f  th e  "background, de term ined  a  few 
m illim ic ro n s  from th e  s e n s i t iv e  w aveleng th  and u n a ffe c te d  
"by th e  calcium  p r e s e n t .
I y  g i s  th e  lu m in o s ity  produced hy V ml o f  unknown p lu s  "V ml 
o f  calcium  c h lo r id e  s o lu t io n  o f  a c o n c e n tra tio n  o f  Cg 
mEq/l l ik e w is e  d i lu te d  to  F m l. The c o n c e n tra tio n  o f  th e  
s tan d a rd  shou ld  he s im ila r  to  t h a t  o f  th e  unknown f o r  
maximum p r e c is io n .
Ly -  Lgy i s  th e  lu m in o s ity  produced hy th e  calc ium  in  th e  
unknown which i s  enhanced o r  d ep re ssed  hy th e  m a te r ia ls  
p r e s e n t ,  h u t c o r re c te d  f o r  "background lu m in o s ity .
Ly s  -  Ly i s  th e  lu m in o s ity  produced hy th e  known amount o f  
added ca lc ium , enhanced o r d ep re ssed  to  th e  same e x te n t  a s  
th e  calc ium  p re s e n t  in  th e  unknown i t s e l f  s in c e  th e  same 
c o n c e n tra tio n  o f  in t e r f e r e n t s  i s  p r e s e n t .
An example o f  a d a ta  sh e e t and c a lc u la t io n  form f o r  d u p l ic a te  
a n a ly se s  f o r  plasm a calc ium  i s  g iv en  in  T ahle  12.
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T able  12 . A d a ta  sh e e t and c a lc u la t io n  form f o r  d u p l ic a te  a n a ly se s  
o f  plasm a ca lc iu m .
Sample: J .  T . ,  m ale , 25 y e a rs  o ld  S e n s i t iv i ty :
W avelength (u n c o rre c te d ) :  1+23.3 mu P h o to m u lt ip l ie r :  F u l l  
S l i t  w id th : O.03I+ mm S e n s i t i v i t y  c o n tro l :  0 tu rn s
A cety len e  p re s s u re :  1+.0 p . s . i .  (ccw)
Oxygen p re s s u re :  1 0 .0  p . s . i .  S e le c to r :  0 .1
F lu c tu a t io n  su p p re ss io n : 3500 p fd
D ilu t io n  to  2 5 .0  ml w ith  0 .01  p e r  c e n t S te ro x  in  d i s t i l l e d  w a te r .
Sample -V /avelength: 423 423 1+23 *+23 1+20 1+20 1+20 1+20
1 . W ater 2 .2  3 .1  O  2 .9  1 .0  1 .6  1 .5  2 .1
2 . 250 p i  plasm a 32.7  33 .7  3 2 .2  33*1 2 .7  2 .8  3 .7  3 .7
3 . 250 p i  plasm a +■ 250
p i  5 m Eq/l Ca 6 1 .7  63 .2  60 .9  61 .3
D ire c t io n  re a d : down up down ut> down up down up
D ata u sed  in
d e te rm in a tio n : I  H  I  I I
(D ata c a lc u la te d  in  groups o f  two, i . e  
’'downward" re a d in g .)
. ,  an "upward" and a d ja c e n t
Sum a t  Minus _ 
Sample h-2‘3 w a ter L Average A
Sum a t  
1+20
Minus
w a te r Average
D e te rm in a tio n  I
1 5 .3
2 66 . 1+ 6l . l
3 12I+.9 119.6
30 .6
59 .8  29 .2
2 .6
5 .5 2 .9 1 . 1+
D ete rm in a tio n  I I
1 U.7
2 65 . 1+ 60 .7
3 122.2  117.5
30.1+
5 8 .8  28 .2
3 .9
7 .^ 3 .5 1 .8
C a lc u la tio n s :
D e te rm in a tio n  I :
D e te rm in a tio n  I I :
30 .6  -  1 .6  v 
29 .2  
3 0 .4  -  1 .6  x R 
28 .2
r  1+.97 mEq/l 
= 5 .1 1  mEq/l
1 A  - ( sample s tan d a rd ) minus (sam ple) lu m in o s ity
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R e s u l t s . The lu m in o s ity -c o n c e n tra t io n  r e l a t i o n s h ip  f o r  ca lc iu m  a t  
1*22.8 mu u s in g  an  o a y -a c e ty le n e  flam e was shown i n  F ig u re  1 6 , p .  157*
I t  may he seen  t h a t  in  th e  c o n c e n tra t io n  ran g e  from  ze ro  (w a te r  and 
flam e background) to  abou t 0 .1 5  m E q/l, ca lc ium  c h lo r id e  g iv e s  
lu m in o s ity  re a d in g s  d i r e c t l y  p ro p o r t io n a l  to  c o n c e n t r a t io n .  Under 
th e  c o n d it io n s  u se d , a lth o u g h  th e  w a te r and flam e background  i s  
e q u iv a le n t  to  0 .17  m Eq/l ca lc iu m , h ig h ly  re p ro d u c ib le  re a d in g s  a re  
o b ta in e d . F o r sample d e te rm in a tio n s , a p h o to m u lt ip l ie r  s e n s i t i v i t y  
and s l i t  w id th  w hich g iv e  a lu m in o sity -ab o v e -b ack g ro u n d  re a d in g  o f  
30 to  50 lu m in o s ity  u n i t s  from  0 .0 5  m E q/l ca lc iu m  c h lo r id e  s o lu t io n  
a re  c o n s id e re d  o p tim a l.
To t e s t  th e  v a l i d i t y  o f  t h i s  method o f  a n a ly s i s ,  d e te rm in a tio n s  
w ere made on a s e r i e s  o f  s o lu t io n s  w ith  known ca lc iu m  c o n c e n tr a t io n  
(T ab le  1 3 ) .  The s ta n d a rd  d e v ia t io n  o f  th e s e  d e te rm in a tio n s  was such 
a s  to  g iv e  a  c o e f f i c i e n t  o f  v a r i a t i o n  o f  abou t 4 p e r  c e n t  o f  th e  mean. 
Good accu racy  was o b ta in e d  d u rin g  th e  developm ent o f  th e  m ethod from  
d e te rm in a tio n s  o f  s y n th e t ic  p lasm a, even  in  th e  p re se n c e  o f  a  20 to  
25 p e r  c e n t  enhancem ent due to  th e  sodium p r e s e n t .  S e r ie s  I ,  i s  a 
s e r i e s  o f  s o lu t io n s  o f  e l e c t r o l y t e  co m p o sitio n  w hich  m ig h t be found 
i n  u r in e .  In  S e r ie s  H ,  th e  h ig h  c o n c e n tra t io n  o f  n i t r i c  and p e r ­
c h lo r ic  a c id  m igh t be found  i n  a  s o lu t io n  o f  a t i s s u e  d i g e s t .  The 
e th y le n e d ia m in e te tr a a c e ta te  s o lu t io n  m igh t be found  i n  u r in e  a f t e r  
a d m in is t r a t io n  o f  th e  c h e la t in g  ag en t f o r  r e n a l  fu n c t io n  s tu d ie s  o r  
a f t e r  t re a tm e n t f o r  le a d  p o iso n in g . The s a l t  s o lu t io n s  d em o n stra te  
th e  c a t io n  enhancem ent found , and th e  accu racy  o f  th e  p ro p o sed  
m ethod when a p p lie d  to  such s o lu t io n s .  The ex trem ely  h ig h  c o n ce n tra tio n
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Table 13. Calcium recovery from various solutions of known calcium  
content by the Sel£-standardization Method.
Calcium (mffiq/l) Interferenci
Sample Back- Eadia-
D ilu t- Pres- Pound 1 2 Error ground tion
Sample Composition ion ent. (Mean) s .d . KoT c__ S £ L . S S L  ,C&
1+Synthetic Plasma 1:100 5.00 4.98*0.36 (17) 7*2 —0 .4 +2. +21.2
Synthetic Plasma 1:50
1:100
4.00 4.04*0.37 (9) 9*1 +1.0 +1.8  +23.O
Series I (mM/l)
Na I  POi, HOI
2oo 200 1SV7 50. 1:1000 75*0 76.6 * .86 (6) 1.1 +2.2 + .4  -8 .0
10 200 50. 50. 1:1000 40.0 42.1 ±2.01 <«> 4.8 + 5.3 +1.3 +4.0
20 20 5* 50. ljlOO 11.5 12.1 * .46 (12) 3*8 +5.2 + .6  +2.0
100 200 66.7 100 1:1000 60.0 65.5 ±2.06 (7) 3*1 + 9.2 +1.0  + .3
Series II
Wjb Casein "
4.00 4. 31* .14 + 1 .4  +4.70 .8#  NH^ OH 1:100 (10) 3*5 +7.8
6^5 HNO, 
16# HCIO,
8# Dextrose
1:100 4.00 4.23* *13 (9) 3*3 +5.8 .0  +4.5
Wf3 Urea
4.00
4.00
(6)
(6)
1.6?5 Creatinine 
4.0 mM/l EDTA ®
1:100
1:100
3.92* *15 
4.18* .19 8
-2 .0
+4.5
+ .3  +5»o
+ .3  +7.7
Salt Solution * 
1095 H^Oi;
10j5 (NH1J 2BPOH
1:100 4.00 3*S9± *31 0 0 7.8 -2 .8 +22.8 +30.0
1:100 4.oo 4.24* .15 00 3.8
0*vn+ + 4 .2  +5.0
1 Standard Deviation of the sample and Humber of determinations.
2 C oefficient of Variation: (s .d . /  mean) x 100.
3 I n te r f e re n c e  i s  estimated as follow s:
Background = ■ -----  x 100 Radiation = (~ t5 -------  - l ) x  100
. h i “  *8
4 Synthetic Plasma (gm /l): Glueose, O.96; Urea, 0.25; KH^ POl*, 0.12; 
HaHCOj, 1 .6; ZC1, 0.24; NaCl, 5*6; MgCl2 i®.0S and CaClg added as in­
dicated before d ilu tion .
5 Casein decationlzed with Dowex 50 and put into solution  with d ilu te  
ammonium hydroxide.
® EDTA.: Di sodium dihydrogen ethylenediam inetetraacetate.
7 Salt solution(gm/l00 ml): NaCl,4; XC1, 1 .6 ; MgCl2*6H20, 3 .2; 
Mn0l 2*lffl2°* 1*^» 1^ 03, 1 .6 ; SnCl2* 2H20, 0 .8  and HCl, 2 .4  N.
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o f  s u l f a te  and phosphate  were ex p ec ted  to  g iv e  a lu m in o s ity  d e p re ss io n
(n e g a tiv e  r a d ia t io n  enhancem ent), h u t d id  n o t ,  a p p a re n tly  because  o f
70th e  e x ce ss iv e  q u a n t i t i e s  p r e s e n t .  A s t a t i s t i c a l  a n a ly s is  o f  th e  
d a ta  r e v e a ls  th e  p resen ce  o f  a sm all p o s i t iv e  sy s te m a tic  e r r o r ,  th e  
cause o f  which i s  unknown.
A f u r th e r  t e s t  o f  th e  method was made hy com paring a d i lu te d  
plasm a and a 4 p e r  c e n t t r i c h l o r a c e t i c  a c id  (TCA) f i l t r a t e  o f  th e  
same p lasm a, T able  14 . As may he seen  from th e  d a ta ,  and as  was 
confirm ed hy an a n a ly s is  o f  v a r ia n c e , th e  mean v a lu e  was re p ro d u c ib le  
in  d u p lic a te  d i l u t i o n s ,  was n o t in f lu e n c e d  hy th e  u se  o f  TCA 
f i l t r a t e s  o r  d i lu te d  whole p lasm a, o r  hy d i lu t i o n  w ith  d i s t i l l e d  
w a te r o r  0 .0 1  p e r  c e n t S te ro x . By f a r  th e  g r e a te s t  p a r t  o f  th e  
v a r i a b i l i t y  was due to  th e  flam e pho to m etric  d e te rm in a tio n  i t s e l f  
and n o t to  v o lu m e tric  o r  d e p ro te in iz a t io n  te c h n iq u e s .
A s e r ie s  o f  d e te rm in a tio n s  was th e n  made on s ix  norm al h e p a r in iz e d  
human plasm as from v a r io u s  members o f  th e  la b o ra to ry  s t a f f .  The 
r e s u l t s  a re  g iv en  in  T ab le  15* A l l  v a lu e s  a re  w e ll w ith in  th e  norm al 
range  o f  4 .5  to  5 .5  m E q/l.^ ' Recovery o f  10 m icrogram s o f  calcium  
added to  th e  250 m ic r o l i t e r s  o f  plasm a p lu s  250 m ic r o l i t e r s  o f  
5 m Eq/l calc ium  c h lo r id e  averaged  99*7 p e r c e n t .  S ince  th e  means 
a re  c lo s e ly  s im i la r ,  an average s ta n d a rd  d e v ia t io n  was c a lc u la te d  
and from t h i s  a  95 p e r c e n t co n fidence  o f  ± 0 .2 3  m Eq/l f o r  
q u a d ru p lic a te  flam e d e te rm in a tio n s . The s ta n d a rd  d e v ia t io n  o f  O .I65
^^D ippel e t  a l . , op . c i t . (F oo tno te  40)
7-4r. W. Sunderman and F . B oerner, Normal V alues in  C l in ic a l  
M edicine (P h ila d e lp h ia :  Saunders Company, 1949) ,  p .1 8 & .
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Table3&. D e te rm in a tio n  o f  th e  o ilc iu m  c o n c e n tra tio n  o f  a d i lu te d ,  
c l t r a t e d  norm al human plasma*
Samule
Calcium  c o n c e n tra tio n  (inEq/l) and 
number o f  d e te rm in a tio n s
D ire c t  d e te rm in a tio n  
o f  d i lu te d  plasma
D e te rm in a tio n  on 
t r i c h l o r a c e t i c  a c id  
f i l t r a t e  (b lan k  
c o r r e c te d ) 1
D i s t i l l e d  w a te r a s  d i lu e n t
D i lu t io n  n o . 1 3 .8 6  (4 ) 3 .9 4  (4 )
D i lu t io n  n o . 2 4 .03  (4) 3 .8 9  (4)
D i lu t io n  n o . 3 3 .8 8  (4) 3 .7 5  (4)
Average 3 .9 2  ( 12 ) 3 .8 6  ( 12 )
0 .01$  S te ro x  as d i lu e n t
D i lu t io n  n o . 1 3 .7 ^  (3) 3 .7 7  (3 )
D i lu t io n  n o . 2 3 .9 0  (3) 3 .8 4  ( 3 )
Average 3 .8 2  ( 6 ) 3 .8 1  (6 )
O v e ra l l  average 3 .8 8  ( 18 ) 3 .8 4  (18 )
Combined mean 3 .8 6  ( 36 )
Combined s ta n d a rd  d e f la t io n .2 1
Combined s ta n d a rd  e r r o r  o f  th e
mean o f  36 d e te rm in a tio n s .034
95  p e r  c e n t co n fid en ce  in t e r v a l
f o r  4 d e te rm in a tio n s .32
In s tru m en t s e t t in g s  as  o u t l in e d  in  th e  te x t*
calc ium  c o n c e n tra tio n  o f  th e  8 p e r  c e n t t r i c h lo r a d e t i c  
a c id  v a s  found to  be 0 .1 0  m E q/l. S ince  e q u a l volumes o f  8 p e r  c en t 
TCA and plasm a were u sed , 0 .1 0  m Eq/l was s u b tra c te d  from a l l  o f  th e  
f i l t r a t e  re a d in g s . Assuming th e  volume o f  th e  p r o te in  to  be 2 .3  per 
c e n t  o f  th e  p r o te in  p r e c ip i ta te d  plasm a s o lu t io n  (4 .5  p e r c e n t o f  
th e  plasm a (ST. W* S everinghaus and J .  W. F e rre b e e , Calcium  d e term ina­
t i o n  by flam e photom etry ; m ethods f o r  serum , u r in e ,  and o th e r  
f l u i d s ,  J .  B io l .  Chem. 187 . 621-30  (1 9 5 0 ) ) ) ,  a f u r th e r  c o r r e c t io n  o f  
- 2 .3  p e r  c e n t was th e n  made f o r  p r e c ip i t a t e  d isp la ce m e n t.
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T ab le  15• D e te rm in a tio n  o f  th e  calc ium  c o n te n t o f  norm al human 
plasm a p re se rv e d  w ith  h e p a r in  by th e  s e l f - s t a n d a r d iz a t io n  
m ethod.
Subject
Number of 
determinations
Calcium (mEq/l) 
Mean s .d .
Per cent recovery o f  
10 UPm added calcium
J .T . k 1U95 * 0.12 100.3
C .R. k 5.21+ ± 0.22 101.6
G. H. k 5.17 ± 0.13 99.3
D.V. k lw92 ± 0.30 97-7
L .S . k h .92  ± 0.07 98.7
N.B. k * 0.16 100.6
Average 1w98 99.7
A verage: C o e f f ic ie n t  o f  v a r i a t i o n ,  3*3 p e r  c e n t ;  s ta n d a rd  d e v ia t io n ,
0 . 165 ; 95 p e r  c e n t co n fid en ce  i n t e r v a l  f o r  a q u a d ru p lic a te  flam e 
d e te rm in a tio n , 0 .23  m E q/l.
In s tru m e n ta l  s e t t i n g s : W avelength , lt-22.8 mu; S l i t ,  0 .0 3 5  mm; 
P h o to m u lt ip l ie r , F u l l ;  S e n s i t i v i t y ,  6 .0  tu r n s  from  c o u n te r ­
c lockw ise  l i m i t ;  S e le c to r ,  0 .1 ;  F lu c tu a t io n  su p p re s s io n , 3500 ja fd .
Flame h e ig h t ,  7 .5  cm; Oxygen p r e s s u r e ,  10 p . s . i . ;
D i lu t io n . 1 :100  w ith  m ic ro p ip e ts .
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72m E q/l may "be compared to  th e  0 .0^7  m Eq/l o b ta in e d  hy Sendroy f o r  th e
tim e  consum ing d i r e c t  p r e c i p i t a t i o n  hy o x a la te ,  and subsequen t
g a so m e tric  a n a ly s i s .
The i n t e r n a l  s ta n d a rd  method f o r  d e te rm in a tio n  o f  sodium and
p o ta ss iu m  u s in g  l i th iu m  a s  th e  f o r e ig n  e l e m e n t ^  h a s  b een  w id e ly  u sed  
7hand a c c e p te d . S tro n tiu m  h as  been  u sed  f o r  d e te rm in a tio n  o f  calc ium
i n  w e t-p ro c e s s  p h o sp h o ric  a c id ,  a f t e r  p re lim in a ry  s e p a ra t io n  from  th e
p h o sp h o ric  a c id  by c a t io n  exchange r e s in s  and w ith  c o r r e c t io n s  f o r
75sodium p r e s e n t  in  some sam ples. The u se  o f  l i th iu m  o r  s tro n tiu m  a s  
an  i n t e r n a l  s ta n d a rd  f o r  ca lc ium  d e te rm in a tio n  was t e s t e d ,  T ab le  16 . 
A t each  w av elen g th  th e  lu m in o s ity  o f  th e  pure  compounds and o f  v a r io u s  
m ix tu re s  w ere d e te rm in e d . The b a s ic  assum ption  o f  th e  i n t e r n a l  
s ta n d a rd  m ethod i s  t h a t  i n t e r f e r e n t s  w i l l  enhance o r  d e p re ss  th e  
lu m in o s ity  o f  th e  i n t e r n a l  s ta n d a rd  in  th e  same p ro p o r t io n  as  t h a t  
o f  th e  e lem en t u n d e r s tu d y . From th e  d a ta  p re s e n te d  in  T ab le  16 , i t  
w ould ap p ear t h a t  n e i th e r  l i th iu m  n o r s tro n tiu m  would serv e  a s  an 
ad eq u a te  i n t e r n a l  s ta n d a rd ,  s in c e  th e  enhancing  e f f e c t  o f  sodium and 
th e  d e p re s s in g  e f f e c t  o f  phosphate  a f f e c t  a l l  th r e e  (C a, S r ,  and L i)  
to  v a ry in g  d e g re e s . I f  th e  background lu m in o s ity  e f f e c t s  o f  sodium
S endroy , o p . c i t . (F o o tn o te  ^5)
^ B e r r y ,  C h a p p e ll, and B arn es , o p . c i t . (F o o tn o te  18)
M. H ald , D e te rm in a tio n s  w ith  flam e p h o to m ete r, p p . 79-105 
in :  M. B . V is sc h e r  ( e d i t o r ) ,  Methods in  M edical R e se a rc h . V o l. ^ 
(C hicago: Y earbook P u b lis h in g  Company, 1950).
75srabson and W ilh id e , op. c i t . (Footnote 63)
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Table 16. Per cent enhancement of 'various cations hy common in terferents, 
using an oxy-acetylene flame.
Element t Ca Sr Li K Mg
Wavelength (mji): 1*22.8 1*60.7 670.8 768.2 285.2
S l i t  width (ma): 0 .02 0.02 0.20 0.10 0.06
Phototube1 : Pm-F Pm-F Red______Red Pm-F
Compound Cone.
"PURE™ COMPOUND LUMINOSITY (Background C o rrec ted ) 
OaClo 5 mEq/l(1:25) 1*9.3 0.0 0 .0  0 .0  0 .0
SrClo 5 mSq/l(l:25) .3 58.9 .6  .0 .0
LiNO-z 5 mEq/l(l:25) .0  .0  50.6 .0
SCI 5 mEq/l(l{25) .0  .0  .0  60.9 .0
MgCl2 10 mEq/l(l*25) *0 .0  .0  .0  16.9
NaCl 300 mEq/l(I*25) .2  .0  .0  .2
(NHi^ gHPOi* 10 m M /l(l:25) .0  .0 .0  .0
BACKGROUND LUMINOSITY^  (Water Background Corrected) 
NaCl 300/25 aEq/l 1 .8  2 .2  1 .0  0.1* 1.2
(NHOpHPOu 10/25 mM/l .0  .0 .0  .0  .0
SrCIg 5/25 mEq/l .0  .0  l*.l .0 .0
PER CENT INTERFERENCE^  (Deviation from luminosity o f pure 
sa lt  -  Water and Interferent Background Corrected)
1 . Ca +Sr +1+.0 +1.9 - — ..
2. Sr +Mg - - 3 .^ mm - - 3 .0
3. Ca +Sr +Mg + .1 -1 .1 - - +3.0
f+. Ca +Mg -1+.2 - - - +3.0
5. Ca +Mg + Na +27.8 mm - - +7.7
6. Ca +Sr +Mg + Na +27.8 +82.6 - - +3*6
7. Ca +Sr +Mg +2.8 +1.8 - - +1.2
S. Ca +Mg + PO4 -21+.1+ - - mm -9 .5
9. Ca +Sr +Mg + PO4 - 23.9 -32.2 - - -1 .8
10. Ca +Sr +Mg +1.1* -  .6 - - — .6
11. Ca +K +1£.0 - - +2.6
12. Ca +Sr +K +Li +Na +3**.o +85.1 +10.1 +70.7
Ca +K +Na +32.3 - - +70.1*
lh . Ca +Sr +K +Li +16.7 +32.5 +5.2 +5.8
15. Ca +Sr +K +Li+PQij, -  .6 +5.9 +2. 1* +2.1
16. Ca +K +P0u +3.6 - - +1.0
17. Ca +Sr +K +Li +16.6 +3!*.o + 5 .5 +6.2
Solutions used for interference studies were in the concentrations l is t e d  
for the pure compound lum inosity and then diluted 1:25 for the flame 
photometric determinations. Luminosities ±0.2 un its from water lumin­
o s ity  were considered to he zero.
instrumental conditions as outlined in  the text.Phototubes: Pm-F, Photomultiplier at fu l l  se n s it iv ity , or Red sen sit­
ive tube with 10,000 megohm load resis to r .
 ^ Background lum inosities were determined by averaging the backgrounds 
found at 1*20/6, 1+59/65 . 660/85 , 76o/85 and 281+.1+ mu (Uncorrected).
3 Duplicate per cent interference calculations agreed to within a max­
imum range of 2.5 (most agreed to ±1^). Magnesium ±3-5^» however.
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w ere n o t s u b tra c te d , as in  an  i n t e r n a l  s tan d a rd  type  o f  flam e p h o to ­
m e te r , th e  enhancement would appear to  he l a r g e r ,  h u t  l i t t l e  d if f e r e n c e  
would he n o ted  in  th e  v a r ia b le  e f f e c t s  on th e  th re e  e lem en ts , s in ce  
th e  sodium background i s  about e q u a l a t  a l l  th re e  w av elen g th s .
A lthough th e  t o t a l  lu m in o s ity  observed  f o r  magnesium i s  low , th e  
much low er i n t e r f e r e n t  e f f e c t s ,  p a r t i c u l a r ly  from sodium, should  be 
n o te d .
S u ccess iv e  d i lu t io n s  have been  recommended as  a p rocedure  to  be 
used  w ith  th e  Beckman flam e photom eters f o r  re d u c tio n  o f  r a d ia t io n  
i n t e r f e r e n c e . G i l b e t t  e t  a l . ^  found , u s in g  th e  chamber type 
a to m iz e r , t h a t  th e  p e rcen tag e  o f  r a d ia t io n  in te r f e r e n c e  i s  reduced  
a lm ost i n  p ro p o r tio n  to  sample d i lu t i o n s ,  so t h a t  a t  g r e a t  d i l u t i o n s ,  
th e  r a d ia t io n  in te r f e r e n c e  becomes n e g l ig ib le .  W ith th e  d i r e c t  
a to m iz in g  b u rn e r , and under th e  c o n d itio n s  u sed  i n  th e se  ex p erim en ts , 
sodium cau ses  an enhancem ent, and, a s  may be seen  in  F ig u re  19, 
su cc e ss iv e  d i lu t io n s  to  p r a c t i c a l  l im i t s  and e x tr a p o la t io n  to  i n f i n i t e  
d i l u t i o n  do n o t le a d  to  r a d ia t io n  in te r f e r e n c e  c o r r e c t io n .  U sing th e  
same s o lu t io n s ,  w hich b e fo re  d i l u t i o n  approxim ate th e  calcium  and 
sodium c o n c e n tra tio n  found in  p lasm a, a t  th e  m o lecu lar band s p e c tra  
w aveleng th  f o r  calc ium  ( 55^ mu) g r e a te r  in te r f e r e n c e ,  n o t l e s s ,  may 
occur a t  th e  in c re a se d  d i lu t i o n s .  The enhancement r a t i o  o f  about 
1 .2 6  (u s in g  th e  1+2 2 .8  mu w aveleng th  and 1:100  d i lu t io n s )  i s  s im ila r  
to  th e  21 to  23 p e r  c e n t enhancement found w ith  th e  s y n th e t ic  plasm a 
sam ples (T ab le  13)•
' Beckman In s tru m e n ts , op . c i t .  (F o o tn o te  32 )
^ G i l b e r t ,  Hawes, and Beckman, op . c i t . (F o o tn o te  19 )
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INFINITE DILUTION
5 5 4 mu14
4 2 2 .8 mu1.2
T ru e  Rat/o : LO
i.o
0.2
too tooD ILU TIO N
F ig u re  19* R a d ia t io n  in te r f e r e n c e  com pensation  "by means o f  e x t r a p o la ­
t i o n  to  i n f i n i t e  d i l u t i o n .
Unknown co m p o sitio n : 4 m Eq/l ca lc iu m  c h lo r id e  p lu s  144 m Eq/l 
sodium c h lo r id e .
S ta n d a rd : 4 m Eq/l calc ium  c h lo r id e .
In s tru m e n ta l  c o n d it io n s  as  o u t l in e d  in  th e  t e s t ,  u s in g  a 0 .0 4  
mm s l i t  w id th  and f u l l  p h o to m u lt ip l ie r  s e n s i t i v i t y  a t  "both 
422 .8  and 554 mu.
Unknown to  s ta n d a rd  r a t i o s :
0 a t  422 .8  mu, w a te r hackground c o r re c te d  
# a t  422 .8  mu, w a te r fend sodium hackground c o r re c te d  
X a t  554 mu, w a te r  hackground c o r re c te d
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D is c u s s io n * The v a l i d i t y  o f  t h i s  m ethod o f  s e l f - s ta n d a r d iz a t io n  
depends upon th e  c o r r e c tn e s s  o f  th r e e  m ajor assum ptions:
1 .  The lu m in o s ity -c o n c e n tra t io n  r e l a t io n s h ip  i s  l i n e a r  over 
th e  ran g e  u s e d . D e v ia tio n s  from  t h i s  may accoun t f o r  some o f  th e  
sy s te m a tic  e r r o r  fo u n d . As may he seen  from th e  0 to  10 m Eq/l curve 
f o r  calc ium  (F ig u re  1 6 ) ,  t h i s  d e v ia t io n  from  l i n e a r i t y  1b sm all a t  
low c o n c e n tra t io n s  and in c re a s e s  a p p ro x im a te ly , h u t  n o t  e x a c t ly ,  
e x p o n e n tia l ly  w ith  c o n c e n tr a t io n .
2 .  The hackground lu m in o s ity  due to  m a te r ia l s  o th e r  th a n  
ca lc iu m  i s  a c c u ra te ly  d e te rm in a b le . I f  a l l  o f  th e  hackground i s  
n o t  s u b tr a c te d ,  e rro n e o u s ly  h ig h  r e s u l t s  w i l l  a g a in  he o b ta in e d . 
T hus, i t  i s  e s s e n t i a l  t h a t  a  s p e c t r a l  l i n e  and narrow  s l i t  w id th s  he 
u sed  so t h a t  t h i s  hackground may he de te rm in ed  as  a c c u ra te ly  as 
p o s s ib le .  I t  h a s  b een  assum ed, and no ev idence  to  th e  c o n tra ry  was 
o b ta in e d , e i t h e r  from  th e  l i t e r a t u r e  o r  hy ex p erim en t, t h a t :  (a ) th e  
w a te r  and flam e hackground i s  th e  same betw een ^20 and h26 mu; and 
(h ) no r a d i a t i o n  from  an  e lem en t o th e r  th a n  calc ium  h as  s u f f i c i e n t  
lu m in o s ity  to  i n t e r f e r e  a t  th e s e  w av e len g th s . I r o n ,  a t  a c o n c e n tra ­
t i o n  o f  100 m E q/l, was found to  g iv e  on ly  a continuum  a t  th e se  
w aveleng ths and under th e  c o n d it io n s  u se d .
3 . The known amount o f  ca lc iu m  which i s  added i s  a f f e c te d  hy 
th e  i n t e r f e r e n t s  to  th e  same e x te n t  a s  th e  o r i g i n a l  calc ium  p re s e n t  
and does n o t i t s e l f  a f f e c t  th e  lu m in o s ity  o f  th e  o r ig i n a l  ca lc iu m . 
T h is  may he t e s t e d  hy d e te rm in in g  th e  re c o v e ry  o f  a second a d d it io n  
o f  calc ium  (T ab le  1 5 )• A p r i o r i  re a so n in g  m ight in d ic a te  t h a t  i f  
enough c h e la t in g  ag en t ( e . g . ,  EDTA) w ere p re s e n t  to  h in d  on ly  th e
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amount o f  calc ium  o r ig in a l ly  p r e s e n t ,  and n o t an a d d i t io n a l  amount o f  
c a lc iu m , e rro n eo u s  r e s u l t s  would "be o b ta in e d  w ith  t h i s  method o f  
a d d i t io n .  T h is  does n o t appear to  he ex p e rim en ta lly  t r u e ,  p robab ly  
b ecau se  a t  th e s e  te m p e ra tu re s , th e  EDTA i s  d e s tro y e d . The enhancement 
n o te d  was a p p a re n tly  due to  th e  sodium p re s e n t  in  th e  disodium  
d ihyd rogen  e th y le n e d ia m in e te tra a c e tic  a c id  (EDTA) re a g e n t .  P ho sp h a te , 
how ever, w ith  i t s  s ta b le  calc ium  compounds, p re s e n ts  o th e r  
p o s s i b i l i t i e s .  E xperim ents were conducted  com paring th e  lu m in o s ity  
produced from  calcium  c h lo r id e  s o lu t io n s  o f  0 .02  to  0 .20  mEq/l 
c o n c e n tra t io n s  to  s o lu t io n s  c o n ta in in g  th e  same calcium  c o n c e n tra tio n  
b u t  a ls o  0 .04  mM/l ammonium p h o sp h a te . A lthough n e g a tiv e  enhancement 
was n o te d , i t  appeared  t h a t  i t  was c o n s ta n t so t h a t  no e f f e c t  on 
l i n e a r i t y  was a p p a re n t.
A lthough v a r io u s  an io n s  have v a r io u s  enhancing  o r d e p re ss in g  
e f f e c t s ,  when u sed  in  t h i s  s e l f - s ta n d a r d iz a t io n  p ro ced u re , th e  an ion  
e f f e c t s  a re  la r g e ly  s e l f - c o r r e c te d  as may be seen  from th e  r e s u l t s  
u s in g  h ig h  c o n c e n tra tio n s  o f  n i t r i c  and p e rc h lo r ic  a c id  o r  s u l f a te  
and p h o sp h a te .
As th e  equipm ent becomes a v a i la b le ,  b o th  th e  accuracy  and 
p r e c is io n  o f  t h i s  method o f  s e l f - s ta n d a r d iz a t io n  may be in c re a se d  
b y : (a ) in c re a s in g  th e  s e n s i t i v i t y  o f  th e  p h o to tu b e ; (b ) in c re a s in g  
th e  p ro p o r t io n  o f  th e  lu m in o s ity  o f  th e  flam e b e in g  d i r e c te d  in to  th e  
monochromator by means o f  l a r g e r  m ir ro rs  so t h a t  low er c o n c e n tra tio n s  
may be u se d , th e re b y  re d u c in g  p o s s ib le  d e v ia t io n s  from l i n e a r i t y ; ( t h i s  
would a ls o  p e rm it th e  u se  o f  sm a lle r  s l i t  w id th s  to  g ive  h ig h e r  calc ium  
lu m in o s ity  to  background r a t i o  and th e reb y  d ec rea se  th e  f lu c tu a t io n s
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and t h e i r  a t te n d a n t  e f f e c t s  on p r e c is io n ) ;  and (c ) c o n s tru c t in g  a 
h u m e r  a to m izer which tu rn e d  more sm oothly and w ith  l e s s  f lu c tu a t io n  
in  lu m in o s ity . S e n s i t iv i ty  to  de term ine  low er c o n c e n tra tio n s  cou ld  
th e n  t e  ga ined  t y  w ider s l i t  w id th s  w ith o u t th e  a t te n d a n t  in c re a se  
in  f lu c tu a t io n .
A lthough a l l  fo u r  o f  th e  m ajor c a t io n s ,  ca lc iu m , sodium, 
p o ta ss iu m , and magnesium, appear to  have l i n e a r  lu m in o s ity -c o n c e n tra ­
t i o n  r e la t io n s h ip s  "below about 0 .1  m E q/l, a t  t h e i r  m ost s e n s i t iv e  
s p e c t r a l  l i n e s ,  on ly  calcium  and sodium d e te rm in a tio n  "by th iB  method 
appear to  he p r a c t i c a l  w ith  th e  p re s e n t  equipm ent. An in c re a s e  in  
s e n s i t i v i t y  and d ec rea se  in  f lu c tu a t io n  o f  a t  l e a s t  10 tim es would 
he n e ce ssa ry  b e fo re  magnesium cou ld  he determ ined  hy t h i s  m ethod.
For po tass iu m , a p h o to m u ltip lie r  tube  s e n s i t iv e  to  th e  lo n g e r  wave­
le n g th s  would he d e s i r a b le ,  s in ce  u s in g  th e  "red" s e n s i t iv e  pho to tube  
fu rn ish e d  w ith  th e  Beckman DU sp ec tro p h o to m ete r, s l i t  w id th s  o f  
about 0 .1  mm a re  n e ce ssa ry  fo r  s u f f i c i e n t  s e n s i t i v i t y .  A t th e se  
s l i t  w id th s , th e  r e s o lu t io n  i s  on ly  f a i r ,  s in ce  th e  h a l f - i n t e n s i t y ' 
was found to  be about 6 np ( t h e o r e t i c a l , ^ .2  mp?®). Thus background 
d e te rm in a tio n s  would have to  be made a t  l e a s t  10 mu from  th e  wave­
le n g th  o f  maximum s e n s i t i v i t y .  A l l  s o r t s  o f  e r r o r  co u ld  a r i s e  
w ith in  th o se  10 mu. F urtherm ore , as re v e a le d  in  F ig u re s  16 and 17,
s e l f - a b s o r p t io n  occu rs  a t  low er c o n c e n tra tio n s  th an  w ith  ca lc iu m .
79S tro n tiu m , however, can  be d e term ined .
^Beckm an In s tru m e n ts , I n s t r u c t io n  Manual f o r  th e  Beckman tfodel 
DU S p ec tro p h o to m ete r. B u l le t in  305, Beckman D iv is io n , Beckman I n s t r u ­
m en ts , I n c . ,  F u l le r to n ,  C a l i f o r n ia ,  p . 23 .
^Chow and Thompson, op. c i t . (Footnote 69)
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From th e  d a ta  p re se n te d  in  T ab le  16 and F ig u re  19 , i t  would ap p ea r 
t h a t  th e  u se  o f  l i th iu m  o r  s tro n tiu m  a s  an i n t e r n a l  s ta n d a rd  o r  th e  
u se  o f  su cc e ss iv e  d i lu t io n s  and e x tr a p o la t io n s  o f  unknown to  s ta n d a rd  
r a t i o s  to  i n f i n i t e  d i l u t i o n  w i l l  n o t g iv e  a c c u ra te  r e s u l t s  when 
sodium i s  p re s e n t  in  th e  sam ples a t  th e  h ig h  r a t i o s  w hich a re  n o t 
uncommon in  b io lo g ic a l  m a te r ia l s .  Three m ajor a l t e r n a t i v e s  rem ain  
f o r  a c c u ra te  flam e sp ec tro p h o to m etr ic  d e te rm in a tio n s  o f  ca lc iu m :
( l )  compounding s y n th e t ic  s ta n d a rd s : a  p ro ced u re  w hich g iv e s  a c c u ra te  
r e s u l t s  a s  in  plasm a d e te rm in a tio n s  b u t i s  d i f f i c u l t  to  accom plish  i f  
th e  sam ples have complex and v a r ia b le  c o m p o sitio n s ; (2 ) s e p a ra t io n  
o f  calc ium  from th e  in te r f e r e n t s :  a d eq u a te , b u t  o f te n  d i f f i c u l t  and 
tim e consum ing; and (3 ) u se  o f  th e  p roposed  m ethod o f  s e l f ­
s ta n d a rd iz a t io n .
W ith p re s e n t ly  a v a i la b le  equipm ent, t h i s  flam e sp e c tro p h o to m e tr ic  
te c h n iq u e , because o f  i t s  e a s e , r a p i d i t y ,  s e n s i t i v i t y ,  and 
v e r s a t i l i t y  m ight se rv e  w e ll  f o r  calc ium  d e te rm in a tio n s  o f  d iv e r s e  
and complex b io lo g ic a l  m a te r ia ls  such a s  fo o d , t i s s u e ,  u r in e ,  and 
f e c e s .
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I I I .  Flame S pectrophotom etric D eterm ination  o f  Magnesium
A lthough  th e  Beckman flam e sp ec tro p h o to m ete r w ith  p h o to m u lt ip l ie r  
a tta ch m e n t i s  o f  s u f f i c i e n t  s e n s i t i v i t y  to  d e te c t  magnesium from  
"b io lo g ic a l f l u i d s  when d i lu te d  to  co n v en ien t l e v e l s ,  th e  e f f e c t s  
o f  i n t e r f e r e n t s  a re  o f  m ajor i n t e r e s t  i f  a c c u ra te  d e te rm in a tio n s  
a re  to  he made. As may he seen  in  T ahle  16 , magnesium i s  l e s s  
s e n s i t iv e  to  in te r f e r e n c e  th a n  th e  o th e r  c a t i o n s .  A f u r th e r  s tu d y  o f  
th e  in te r f e r e n c e  e f f e c t s  o f  sodium, p o ta ss iu m , and phosphate  was made. 
The e f f e c t s  o f  calc ium  a re  n o t p re se n te d  h e r e ,  a lth o u g h  some e x p e r i ­
m ents have in d ic a te d  th a t  th e  in te r f e r e n c e  i s  q u i te  low a t  th e  s l i t  
w id th s  u sed  and would n o t he a p p re c ia b le  u n le s s  c o n c e n tra t io n  r a t i o s  
w ere f a r  in  ex ce ss  o f  th o se  in  b io lo g ic a l  m a te r i a l s .  The e f f e c t s  o f
a n io n s  o th e r  th a n  p hosphates  w ere n o t s tu d ie d ,  a lth o u g h  s u l f a te  h as
finn e g a tiv e  enhancing  e f f e c t s  s im ila r  to  th o se  o f  p h o sp h a te . In  
T ah le  17 , d a ta  a re  p re se n te d  showing th e  e f f e c t s  o f  th e s e  v a r io u s  
e l e c t r o l y t e s  on magnesium lu m in o s ity . Sodium in  r a t i o s  o f  1 0 :1 ,
100 : 1 , and 500 : 1 , po tassium  a t  10:1  and 100 : 1 , and phosphate  a t  10:1  
a re  u se d . The lu m in o s ity  above w ater o f  a sample c o n ta in in g  2 m Eq/l 
magnesium and d i lu te d  1 :10  i s  25 u n i t s .  T h is  g iv e s  adequate  
s e n s i t i v i t y  f o r  m o d era te ly  a c c u ra te  r e s u l t s ,  a lth o u g h  th e  re p ro d u c ­
i b i l i t y  o f  th e se  d a ta  a re  o f  th e  o rd e r  o f  0 .5  lu m in o s ity  u n i t s  
(2  p e r  c e n t ) .  A h ig h e r  degree  o f  r e p r o d u c ib i l i ty  and accu racy  co u ld  
be o b ta in e d  i f  d i r e c t  com parisons were made betw een a  sample nnfl 
s ta n d a rd  as  w i l l  be d is c u s se d  below . In  o b ta in in g  th e s e  d a ta ,  th e  
s e r i e s  on sodium , f o r  in s ta n c e , was an aly zed  from  to p  to  bo ttom  and
®°Baker and Johnson, op . c i t .  (Footnote 39)
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T able  17 .  Sodium, p o ta ss iu m , and phosphate  in te r f e r e n c e  on magnesium 
lu m in o s ity .
Sample
(m Ea/l)
Lumin­
o s i ty  
>H20 
285.3 mm
Back­
ground
>Hp0
284 .5  mm2
Back­
ground 
>H2°  
286 .0  mm
Back­
ground 
> H2O 
A verage
Lumin­
o s i ty
> b a ck -
ground^
0 .2  Mg 25 .4 -1 .5 .3 -  .6 2 6 .0
0 .2  Mg + 2 Na 25 .6 -1 .3 -  .1 -  .7 26 .3
0 .2  Mg + 20 Na 30 .8 -  .7 .8 0 3 0 .8
0 .2  Mg + 100 Na 59 .5 -1 .4 .8 -  .3 5 9 .8
0 .2  Mg 25 .9 .8 -  .1 .4 2 5 .4
2 Na -  .3 -1 .9 — .7 -1 .3 1 .0
20 Na 7 .1 -  .1 - 1 .2 -  .7 7 .8
100 Na 33 .5 •7 .3 .5 3 3 .0
0 .2  Mg 25 .7 -  .3 .1 -  .1 2 5 .8
0 .2  Mg + 2 K 26 .2 .1 - 1 .2 -  .6 2 6 .8
0 .2  Mg + 20 K 2 7 .4 - 1 .0 .2 -  .4 2 7 .5
0 .2  Mg 2 7 .4 .5 .2 .4 27 .O
2  K -  1 .1 -2 .3 - 1 .0 -1 .7 .6
20 K -  1 .1 - 1 .5 "1*3 -1 .4 .3
0 .2  Mg 2 7 .8 * *3 -  .1 -  .2 2 8 .0
0 .2  Mg + 2 P01* 2 2 .0 -1 .5 -  .8 -  *7 2 2 .7
2 P0^ -  2 .6 - 2 .8 -1 .3 - 2 .0 -  .6
Random  v a r ia t io n s  w i l l  accoun t f o r  v a r ia t io n s  o f  abou t 0 .5  
lu m in o s ity  u n i t .
b a c k g ro u n d  i s  th e  lu m in o s ity  o f  th e  w a te r , f lam e , and
sample a t  th e  w aveleng ths in d ic a te d ,  minus t h a t  o f  w a te r and flam e .
^Lum inosity  >  background i s  th e  lu m in o s ity  a t  285.3 mu minus th e  
w a te r  and flam e background a t  t h i s  w aveleng th  and minus th e  average 
background above w a ter lu m in o s ity .
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th e n  re v e rse d  Im m ediately from th e  bo ttom  to  th e  to p  o f  th e  l i s t  o f  
sam ples to  m inim ize d r i f t  e f f e c t s .  I t  w i l l  he  n o ted  from th e se  d a ta  
th a t  th e  sodium causes a  very  marked "enhancem ent" o f  magnesium 
lu m in o s ity . The q u e s tio n  would a r i s e ,  th e n , w hether t h i s  i s  t ru e  
enhancement o r  hackground. Because a t  th e se  w avelengths and s l i t  
w id th s  (O.oU mm) th e  s p e c t r a l  r e s o lu t io n  i s  v e ry  good, hackground 
was ta k en  a t  281*. 5 and 286 .0  mu. These s tu d ie s  (T ah le  17) show th a t  
th e re  appears  to  he l i t t l e  hackground from th e se  th re e  p o s s ib ly  
i n t e r f e r in g  e l e c t r o l y t e s .  Thus i t  would become re a so n a b le  to  assume 
th a t  sodium enhanced th e  magnesium lu m in o s ity .
81
However, in  lo o k in g  a t  th e  t a b le s  o f  s p e c t r a l  l i n e s ,  i t  was 
n o te d  th a t  th e re  i s  a p a i r  o f  m o d era te ly  s tro n g  sodium l in e s  only
0 .0 7  mu from th e  magnesium l i n e .  A r e s o lu t io n  o f  l e s s  th an  an 
angstrom  i s  im p o ssib le  w ith  t h i s  m onochrom ator, h u t in s p e c tio n  o f  
F ig u re  20 re v e a ls  th e  p resen ce  o f  t h i s  sodium l i n e  hy th e  d if f e r e n c e s  
i n  lu m in o s ity  a t  285.2  and 285.3  mu under th e  c o n d itio n s  u sed . The 
lu m in o s it ie s  fo r  th e  magnesium a t  th e  two w aveleng ths a re  th e  same, 
h u t  f o r  th e  two sodium sam ples th e  h ig h e r  wave le n g th  g iv e s  a h ig h e r  
lu m in o s ity . The w avelengths g iv en  a re  u n c o rre c te d  f o r  e r r o r  in  
in s tru m en t c a l i b r a t io n .  The d if f e r e n c e  betw een th e  w aveleng ths a t  
maximum lu m in o s ity  i s  about 0 .07  mu, th e  same as th e  mean d if f e r e n c e  
betw een th e  l in e s  o f  th e  two e le m e n ts . A l l  th re e  lu m in o s ity  d e te rm in ­
a t io n s  (one o f  magnesium c h lo r id e  and two c o n c e n tra tio n s  o f  sodium 
c h lo r id e )  were made a t  one w aveleng th  s e t t i n g  and th e n  th e  w avelength
®^Hbdgman, Handbook o f  C hem istry  and P h y s ic s . op . c i t . (F oo tno te  
31) pp . 25IA and 2585 .
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6 0
Mg
. NA
2 8 5 .0
W A VELENG TH(mjj- uncorrec  ted)
F ig u re  2 0 . L um inosity  o f  s o lu tio n s  o f  sodium and magnesium c h lo r id e  
betw een 285 .0  and 285.5
P h o to m u lt ip l ie r ,  F u l l ;  s l i t  w id th , 0 .0 ^  mm; f la m e , 7  cm; 
oxygen, 10 p . s . i .
Arc l i n e s  f o r  I  Mg, 285 .213 R e la t iv e  i n t e n s i t y ,  300
Arc l i n e s  f o r  I  Na, 285.283  «< •> 100
Arc l i n e s  f o r  I  Na, 285.303 - •• 80
(C. P . Hodgman ( e d . ) ,  Handbook o f  C hem istry  and P h y s ic s . 3 5 th
e d i t io n ,  C lev e lan d : C hem ical Rubber P u b lis h in g  Company, 1952.
p p . 2585 and 25*A.)
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changed and th e  th r e e  sam ples compared a g a in .
These r e s u l t s  add m a te r ia l ly  to  th e  problem  o f  magnesium d e te rm in ­
a t io n  hy flam e sp ec tro p h o to m etry  a t  t h i s  w av e len g th . Some a n a ly s ts ®2 
c la im  t h a t  th e  magnesium l i n e  a t  383*8 mu i s  u s a b le .  R esearch  
w orkers f o r  Beckman In s tru m e n ts , who have made r a th e r  e x te n s iv e  
s tu d y  o f  th e  p o s s ib le  w aveleng ths f o r  magnesium and many o th e r  c a t io n s ,
do n o t su g g es t th e  u se  o f  t h i s  w aveleng th  as  a s p e c t r a l  l i n e ,  a lth o u g h
8?-5a t  abou t t h i s  w avelength  th e  magnesium band s p e c tr a  i s  a t  a  maximum. 
Some s tu d ie s  have in d ic a te d  t h a t  t h i s  magnesium l i n e  i s  b u t l i t t l e  
e x c i te d  w ith  th e  o x y -a c e ty le n e  f lam e , a lth o u g h  i s  h a s d io u t  e q u a l 
i n t e n s i t y  to  th e  285 .2  mu l i n e ,  u s in g  a rc  e x c i t a t i o n .
Be th a t  as i t  may, t h i s  sodium in te r f e r e n c e  i s  im p o ss ib le  to  
re s o lv e  under th e  c o n d itio n s  u se d . However, i t  i s  l i n e a r ,  a s  
in d ic a te d  in  T ab le  18, and g iv e s  an  ap p a ren t magnesium c o n c e n tra t io n  
o f  o n ly  about 2 .5  m icroeq u iv a le n ts  p e r  on m i l l i e q u iv a le n t  o f  sodium 
(T ab le  I T ) .  There i s  a r e a l  p o s s i b i l i t y  t h a t  some o f  th e  e x t r a  
lu m in o s ity  observed  in  th e se  ex p erim en ts  i s  due to  co n tam in a tio n  o f  
th e  “ch em ica lly  pure" sodium c h lo r id e  u sed  in  th e s e  s tu d ie s ,  s in c e  
o n ly  p e r c e n t magnesium c h lo r id e  would acco u n t f o r  th e  e n t i r e  e f f e c t .
82V a lle e , o p . c i t . (F o o tn o te  30)
®3Beckman In s tru m e n ts , o p . c i t . (F o o tn o te  32)
81|.Beckman In s tru m e n ts , E m ission  C h a r a c te r i s t i c s  o f  T y p ic a l 
E lem ents D eterm inab le  by Flame P h o to m etry . D ata  S h e e t 3 ,  A u g u st, 1952, 
Beckman In s tru m e n ts , I n d . ,  South  P asad en a , C a l i f o r n ia .
®5Beckman In s tru m e n ts , D e te c tio n  L im its  f o r  Beckman Flame 
S-pec tro n h o  tome t e r  s . D0t a  S h ee t 2 , November, 1953, Beckman In s tru m e n ts , 
I n d . ,  South  P asadena , C a l i f o r n ia .
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T able  18 . In te r f e re n c e  o f  sodium , p o ta ss iu m , and phosphate  on
magnesium lu m in o s ity  i n  te rm s o f  a p p a ren t magnesium c o n c e n tra t io n .
Sample
A verage
ap p a ren t Mg P e r c e n t 
c o n c e n tra t io n  , i n t e r -  
(m Eq/l) .285.3mu fe re n c e
A pparen t Mg concen­
t r a t i o n  (m Eq/l) 
from  i n t e r f e r i n g  
io n s  (mM/l)^
0 .2  Mg 0.200
0 .2  Mg 2 Na .200 0 .0 .000
0 .2  Mg 20 Na •2h l 2 0 .5 .0020
0 .2  Mg 100 Na .1*65 132 .0026
2 Na - .0 0 2
20 Na .055 .0027
100 Na .262 .0026
0 .2  Mg 2 K .197
0 .2  Mg 20 K . 20^
2 K - .0 0 8
20 K - .0 0 8
0 .2  Mg 2 P01* .158 -21 - .0 2 1
2 P0U - .0 1 9
1 i-S p l.A pparent Mg c o n c e n tra tio n  e q u a ls : - ------  x  0 .2 0 0 , w here:
S p l .  and Mg r e p re s e n t  th e  Sample w ith  i n t e r f e r e n t s  p re s e n t  and 0 .2  
m Eq/l MgOlg, r e s p e c t iv e ly .
O
A pparen t Mg c o n c e n tra tio n  (m Eq/l) p e r  mM/l o f  i n t e r f e r i n g  io n
n re s e n t  is*  - A pparent Mg -  Mg p re s e n t  
5  ’ C o n c e n tra tio n  o f  i n t e r f e r in g  io n
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Because o f  th e  c lo se n e ss  o f  th e  sodium l in e  to  t h a t  o f  th e  magnesium 
and because o f  th e  d i f f i c u l t y  o f  s e t t in g  th e  photom eter to  l e s s  th an  
about 0 .1  mu, i t  w i l l  be  r a th e r  d i f f i c u l t  i f  n o t im p o ssib le  to  c o r r e c t  
f o r  th e  sodium in te r f e r e n c e  by means o f  c o r re c t io n  cu rv es  u n le s s  
th e re  i s  a d e te rm in a tio n  o f  a pure sodium s ta n d a rd  a t  th e  same 
s e t t i n g  as th e  d e te rm in a tio n  o f  th e  b io lo g ic a l  unknowns. T h is  would 
be n e c e s sa ry , s in ce  i f  th e  s e t t in g  were s l i g h t ly  to  th e  sodium s id e  
o f  th e  magnesium l i n e ,  a h ig h e r  ap p aren t sodium in te r f e r e n c e  would 
occur th a n  i f  i t  were s e t  lo w er. Because o f  th e se  e f f e c t s ,  i f  rough 
d e te rm in a tio n s  a re  d e s ir e d ,  i t  m ight be d e s ir e d  to  s e t  th e  monochroma­
t o r  about 0 .1  mu below  th e  maximum lu m in o s ity  f o r  th e  in s tru m en t 
u sed  in  th e se  s tu d ie s ,  i .  e . ,  285 . 2 , and ig n o re  th e  sodium e f f e c t  
which i s  0 .2  p e r c e n t ( i n  mEq/l) o f  th e  sodium c o n c e n tra tio n  p re s e n t .  
U n fo r tu n a te ly , th e re  appears  to  be no o th e r  s p e c t r a l  l in e  from 
magnesium w ith  s im ila r  i n t e n s i t y .  The "a rc "  l in e  a t  383.8  i s  much 
to o  weak.
These s tu d ie s  r e v e a l  t h a t  po tassium  in  r a t i o s  which a re  g r e a te r  
th a n  would be ex p ec ted  in  b io lo g ic a l  m a te r ia ls  (100 : 1 ) w i l l  n o t 
i n t e r f e r e  w ith  th e  magnesium d e te rm in a tio n  in  any way. P ho sp h a te , 
how ever, p re s e n ts  a s e r io u s  in te r f e r e n c e .  In  th e se  s tu d ie s ,  th e  
10:1  phosphate  to  magnesium r a t i o  gave a -  20 p e r  c e n t in te r f e r e n c e .  
T h is  was n o t due p r im a r i ly  to  background in te r f e r e n c e ,  b u t to  some 
form  o f  r a d ia t io n  in te r f e r e n c e .  I t  i s  in t e r e s t i n g  to  n o te ,  however, 
t h a t  i t  may be p a r t i a l l y  background, in  t h a t  th e  ap p a ren t magnesium 
c o n c e n tra tio n  o f  th e  2 mEq/l phosphate a lone  was about - .0 2  niEq/l 
(-1 0  p e r c e n t ) .  T h is  in te r f e re n c e  would be B erious in  u r in e s  which
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c o n ta in  an abnorm ally  h ig h  phosphate  c o n c e n tra t io n , such as  would he 
found w ith  phosphate  lo a d in g  o r  in  some p a th o lo g ic a l  c o n d i t io n s .  I t  
would appear t h a t  th e  on ly  a l t e r n a t iv e s  to  so lv e  t h i s  problem  would 
b e : ( l )  to  use  s y n th e t ic  s ta n d a rd s  w ith  th e  a p p ro p r ia te  c o n c e n tra tio n s  
o f  phosphate  and magnesium; (2 ) to  remove th e  p h o sp h a te ; o r  p o s s ib ly
(3) to  c o r r e c t  f o r  th e  phosphate  c o n c e n tra t io n . In  th e  work o f
86 87Baker and Johnson and D ipp le  e t  a l .  ' i t  would appear t h a t  th e
phosphate  in te r f e r e n c e  w ith  magnesium i s  l i n e a r  over a range  up to
1 :1  c o n c e n tra t io n , a f t e r  which i t  re a c h e s  a p la te a u .  The ran g e  o f
t h i s  p la te a u  in  th e  p re sen ce  o f  v a ry in g  c o n c e n tra tio n s  o f  o th e r
su b sta n c es  may be v a r ia b le ,  how ever.
IV . The Flame S p ec tro p h o to m e tric  D e te rm in a tio n  o f  Magnesium,
C alcium , Sodium, and P o tassium  in  Plasm a
The method o f  a d d i t io n  d e sc r ib e d  above i s  n o t a p p lic a b le  to  th e
d e te rm in a tio n  o f  magnesium because o f  th e  low in t e n s i t y  o f  th e
r a d ia t io n s  from magnesium in  th e  o x y -a c e ty le n e  flam e and because
o f  th e  s ig n i f i c a n t  s e l f - a b s o r p t io n  phenomenon, c au s in g  a n o n - l in e a r
lu m in o s ity -c o n c e n tra t io n  r e l a t i o n s h ip .  Because o f  i t s  r e l a t i v e l y
h ig h  s t a b i l i t y  and s e n s i t i v i t y ,  th e  Beckman flam e photom eter used
i n  th e se  experim en ts  i s  w e ll ad ap ted  to  com parison d e te rm in a tio n s .
Thiis, a s a t i s f a c to r y  p rocedure  was d eveloped , u s in g  s y n th e t ic  s ta n d a rd s
From a rev iew  o f  th e  l i t e r a t u r e ,  i t  was f e l t  t h a t  i t  was n e c e ssa ry  to
in c lu d e  th e  fo u r  m ajor c a t io n s  in  q u e s tio n , p lu s  ammonium phosphate
86Baker and Johnson , o p . c i t .  (F o o tn o te  39 )
®^Bipple, B rick e r, and Furman, op. c i t . (Footnote i+0)
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and a c e t i c  a c id .  The n i t r o g e n - c o n ta in in g  compounds w ould  ap p ear to  
h ave l i t t l e  e f f e c t  under th e  c o n d it io n s  u s e d . Two t im e s  th e  e x p e c te d  
p h o sp h a te  c o n c e n tr a t io n  was in c lu d e d  i n  o rd er  t o  p a r t i a l l y  com p en sate  
f o r  s u l f a t e  w h ich  m igh t he p r e s e n t .  A c e t ic  a c id  e q u iv a le n t  t o  10  
m il l im o le s  p er l i t e r  was added t o  g iv e  th e  en h a n c in g  e f f e c t  i n  th e
s ta n d a r d s  t h a t  m ig h t he e x p e c te d  from  th e  l i p i d s  and f a t t y  a c id s
86p r e s e n t  in  p la sm a . Baker and Joh n son  found  h u t l i t t l e  e f f e c t  o f  
a c e t i c  a c id  a t  low  c o n c e n tr a t io n s  on  c a lc iu m  d e te r m in a t io n s ,  h o w ev er . 
S y n t h e t ic  p lasm as w ere made w ith  a f i n a l  3 .6  p er c e n t  t r i c h l o r a c e t i c  
a c id  c o n c e n tr a t io n .  The c o n c e n tr a t io n s  o f  th e  c a t io n s  w ere o n e - t e n t h  
t h a t  e x p e c te d  in  p la sm a , so  t h a t  1 :1 0  t r i c h l o r a c e t i c  a c id  f i l t r a t e s  
and th e  s y n t h e t ic  p lasm as c o u ld  h e  t r e a t e d  i d e n t i c a l l y  in  su b seq u en t  
d i l u t i o n s .  For m agnesium  d e te r m in a t io n s , th e  1 :1 0  d i l u t i o n s  w ere  
a to m ized  w ith o u t  fu r th e r  d i l u t i o n  in t o  th e  f la m e . For sodium , 
p o ta ss iu m , and c a lc iu m , a secon d  5 ‘»25 d i l u t i o n  w ith  0 .1  S te r o x  
s o lu t io n  was u s e d . The TCA in  th e  s ta n d a r d s  a l s o  p r e v e n ts  m old  
fo r m a t io n . The c o n c e n tr a t io n s  o f  c a t io n s  in  t h e s e  s ta n d a r d s  a re  
g iv e n  in  t a h le  1 9 .
T ahle  19* C om position o f  s y n th e t ic  s ta n d a rd s  f o r  plasm a d e te rm in a tio n .
MgClg CaClc NaCl k5 I  (NHk)pPO^ A c e tic  a c id  TCA
S tan d a rd  (m Eq/l) (m Eq/l) (m Eq/l) (m Eq/l) (mM/1) (mM/l)________ Ho) {v/v)
Normal
plasm a 0 .2 0 .5 l b 0 .5 0 . 1* 1 .0 3 .6
1 Mg .1 •5 l b .5 . 1* 1 .0 3 .6
3 Mg •3 •5 l b .5 . 1+ 1 .0 3 .6
3 Ca .2 •3 lU .5 . 1* 1 .0 3 .6
16 Na .2 .5 16 .5 . 1* 1 .0 3*6
b  K .2 •5 ll* .U .U 1 .0 3 .6
7 K .2 .5 ll* .7 . 1* 1 .0 3 .6
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The s ta n d a r d s  w ere s to r e d  I n  P y rex  f l a s k s  w ith  a P yrex  and Tygoh  
s ip h o n  so  t h a t  th e  f l a s k s  w ere n o t  opened t o  remove s o l u t i o n .  Thus 
e v a p o r a t io n  and c o n ta m in a t io n  w ere m in im iz e d . W ith  su ch  a p r o c e d u r e , 
th e  a n a l y t i c a l  lo a d  i s  g r e a t ly  r e d u c e d . The m ethod i s  o f  such  e a s e  
and r a p i d i t y  t h a t  i t  m igh t "be w e l l  ad ap ted  to  r o u t in e  c l i n i c a l  
a n a ly s e s  o f  th e  fo u r  m ajor c a t i o n s .  Only one m i l l i l i t e r  o f  p lasm a i s  
s u f f i c i e n t  f o r  d u p lic a t e  a n a ly s e s  o f  a l l  fo u r  c a t i o n s .  The lu m in o s i ty -  
c o n c e n tr a t io n  r e la t io n s h ip  i s  assum ed t o  "be l in e a r  b etw een  th e  two 
s ta n d a r d s . T h is  a ssu m p tio n  may l e a d  to  s l i g h t  e r r o r ,  p a r t i c u l a r ly  in  
th e  c a s e  o f  m agnesium , b u t  from  an in s p e c t io n  o f  th e  lu m in o s ity -c o n -  
c e n t r a t io n  c u r v e s  p r e v io u s ly  d e s c r ib e d ,  th e  e r r o r  was f e l t  t o  be  
i n s i g n i f i c a n t  a t  th e  d i l u t i o n s  u s e d . B ecau se  o f  t h i s  so u rce  o f  e r r o r ,  
h o w ev er , i t  i s  im p o rta n t t h a t  th e  c o n c e n tr a t io n  o f  th e  s ta n d a r d s  be  
c l o s e l y  s im i la r .  T h us, s ta n d a r d s  f o r  c a lc iu m  d i f f e r e d  by  .2  m E q/l; 
th o s e  f o r  m agnesium , by o n ly  .1  m E q /l; and th o s e  f o r  sod ium , 2 m E q/l 
b e f o r e  d i l u t i o n .  C o n c e n tr a t io n  i s  th e n  c a lc u la t e d  by in t e r p o la t io n  
o f  th e  s ta n d a r d s . E x te n d in g  t h i s  i n t e r p o la t io n  beyond th e  l i m i t s  o f  
th e  c o n c e n tr a t io n s  o f  th e  s ta n d a r d s  to  ab ou t o n e - h a lf  th e  c o n c e n tr a t io n  
d i f f e r e n c e  was f e l t  t o  g iv e  a d eq u ate  a c c u r a c y .
B eca u se  th e  in t e r p o la t e d  c o n c e n tr a t io n  b etw een  th e  unknown and a 
sta n d a r d  i s  added to  th e  c o n c e n tr a t io n  o f  th e  lo w er  s ta n d a r d , h ig h  
a c c u r a cy  i s  p o s s ib le  i f  th e  s ta n d a r d s  are  p r o p e r ly  p r e p a r e d . What i s
Where: L L u m in o sity  r e a d in g
•C C o n c e n tr a tio n
U Unknown
Sjj S tan d ard  o f  h ig h
c o n c e n tr a t io n  
S^ S tan d ard  o f  low
c o n c e n tr a t io n
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p r o p e r , h ow ever, i s ,  a s  y e t ,  n o t  e n t i r e l y  known. In s tr u m e n ta l  
c o n d it io n s  u se d  f o r  t h e s e  d e te r m in a tio n s  a r e  g iv e n  in  T ah le  2 0 .
For c a lc iu m , th e  work o f  K in g s le y  and S h a ffer t^ ®  in d ic a t e s  
t h a t  m inor v a r ia t io n s  i n  th e  c o n c e n tr a t io n s  o f  th e  c o n s t i t u e n t s  
( a l l  th o s e  s tu d ie d )  h a s  l i t t l e  or no e f f e c t  on th e  c a lc iu m  lu m in o s i ty .
V . D e te r m in a tio n  o f  th e  M ajor C a tio n s  in  U rin e
The u r in a ry  c o n c e n tra tio n s  o f  c a t io n s  were determ ined  hy 
com paring th e  lu m in o s ity  o f  th e  d i lu te d  u r in e  to  t h a t  o f  w ater and 
a t e s t  s o lu t io n  which c o n ta in ed  1 niEq/l each  o f  sodium, p o tass iu m , 
ca lc iu m , and 5 mEq/l o f  magnesium. C a l ib ra t io n  cu rv es  were con­
s t r u c te d  on 3 x 3 lo g - lo g  paper 15 in ch es  square from d a ta  o b ta in e d  
by u s in g  w a te r , th e  t e s t  s o lu t io n ,  and s o lu tio n s  c o n ta in in g  0 . 01 ,
.O h, .*1, .h ,  1 ,  h , and 10 m E q/l o f  each  o f  th e  c a t i o n s .  The c u r v e s  
u se d  w ere s im i la r  t o  th o s e  o f  F ig u r e  1 7 , page 159*
The u r in e  w h ich  was d i lu t e d  to  50 m l Im m ediately  a f t e r  r e c o r d in g  
volum e was fu r th e r  d i lu t e d  5:25  o r  2 . 5:25  f o r  th e  c a lc iu m , p o ta ss iu m ,  
and sodium  d e te r m in a t io n s . The m agnesium c o n c e n tr a t io n  was d eterm in ed  
from  a to m iz in g  th e  V :50  d i l u t i o n  in to  th e  flam e w ith o u t  fu r th e r  
d i l u t i o n .
The c a lc iu m  c u r v e s  a re  n o t  c o r r e c te d  f o r  th e  sodium  enhancem ent 
w h ich  may be 25 per  c e n t .  The a ccu ra cy  o f  t h i s  m ethod i s  n o t  good , 
b u t th e  r e p r o d u c ib i l i t y  i s  about i  5 p er c e n t ,  a s are  th e  com p ara tive  
v a lu e s .  B ecau se  o f  th e  m in im al e f f e c t  o f  su c r o se  on  th e  fla m e  
d e te r m in a tio n  and th e  c lo s e  s im i la r i t y  o f  p a t te r n  o f  c o m p o sit io n  o f  
th e  u r in e s  s tu d ie d ,  th e  p er  c e n t  enhancem ent w i l l  be c o n s ta n t  t o  w it h in
® % ingsley and S h a f fe r t ,  op. c i t . (Footnote 56)
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T able  2 0 . In s tru m e n ta l  s e t t in g s  f o r  c a t io n  d e te rm in a tio n  in  plasm a 
and approxim ate s e n s i t i v i t y  and r e p r o d u c ib i l i ty .
Magnesium Calcium Sodium P otassium
W avelength (mu) 285 .2 1*22 .7 589.3 767 .
P ho to tube Bn. Pm. Bn. R ed l
P h o to m u lt ip l ie r  s e n s i t i v i t y F u l l F u l l 1 -
S l i t  w id th  (mn) O.Ol* 0 .02 0.015 O.Ol*
Monochromator s e n s i t i v i t y 2 6 8 10 6
Zero su p p ress io n 3 .36 . 21* none none
D ilu t io n 1:10 1:50 1 :50 1 :5 0
Auxiroximate lu m in o s ity  
re a d in g s  o f :
A. Normal plasm a s ta n d a rd 30. CD O . 7 0 . 55 .
B . L um inosity  in c re a s e  
from  1 m Eq/l b e fo re
d i l u t i o n 4 [- 15 15 .3 10
C. R e p ro d u c ib i l i ty ^ .k .2 .2 .1
110,000  megohm r e s i s t o r  u se d .
2
S e le c to r  p o s i t io n  0 .1 ;  s e n s i t i v i t y  c o n tro l  in  tu rn s  from 
co u n te rc lo ck w ise  l i m i t .
3 F ra c tio n  o f  a c lockw ise  tu r n  beyond th e  d a rk  c o n tro l  s e t t i n g  
w hich n u l l s  th e  in s tru m e n t w ith  th e  s h u t te r  OFF. The zero  su p p re ss io n  
i s  s e t  to  g iv e  a flam e and w a te r background lu m in o s ity  in  a l l  c a se s  
o f  from  0-5  lu m in o s ity  u n i t s .
^T his i s  e q u iv a le n t  to  a 1 m Eq/l c o n c e n tra t io n  d if f e r e n c e  in  
p lasm a.
^ R e p ro d u c ib il i ty  in  term s o f  average  d e v ia t io n  from th e  mean o f  
d u p l ic a te  r e a d in g s .
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a  few  p er  c e n t .  To a ttem p t t o  c o r r e c t  f o r  en h a n c in g , d e p r e s s in g , or  
"background i n t e r f e r e n t  e f f e c t s  ap p ears t o  "be o f  l i t t l e  v a lu e  "because 
o f  th e  com plex n a tu r e  o f  t h e s e  i n t e r f e r e n c e s .  For a c c u r a te  d e term in a ­
t i o n  o f  u r in a r y  c a lc iu m , th e  s e l f - s t a n d a r d i z a t i o n  m ethod sh o u ld  be  
u s e d .
B ecau se  o f  th e  v e r y  h ig h  i n t e n s i t y  o f  th e  sodium  l i n e  and i t s  
r e l a t i v e l y  h ig h  c o n c e n tr a t io n , i t  i s  f e l t  t h a t  l i t t l e  in t e r f e r e n c e  
o c c u r r e d  in  th e  sodium  d e te r m in a t io n s . The p o ta ss iu m  l ik e w is e  was 
p r o b a b ly  a c c u r a te  a s  f a r  a s  in t e r f e r e n c e  e f f e c t ,  b e c a u se  o f  th e  low  
sodium  to  p o ta ssiu m  r a t i o .  M agnesium, b e c a u se  o f  i t s  r e l a t i v e l y  h ig h  
c o n c e n tr a t io n  i n  th e  u r in e s  s tu d ie d  and b e c a u se  o f  i t s  r e l a t i v e l y  low  
s e n s i t i v i t y  to  in t e r f e r e n c e ,  was a l s o  f e l t  t o  be a c c u r a te ly  
d e ter m in ed .
V I . D is c u s s io n
B e r r y , C h a p p e ll , and B a r n e s ^  u s in g  th e  d i r e c t  ty p e  p hotom eter  
and th e  chamber ty p e  b u r n e r , found  t h a t ,  in  g e n e r a l ,  c a t io n s  d e p r e sse d  
th e  fla m e lu m in o s i t y .  E ven when u s in g  th e  in t e r n a l  s ta n d a rd  m ethod, 
in t e r f e r e n c e  was n o te d  a t  h ig h  c a t io n  c o n c e n tr a t io n s .  From th e  
r e s u l t s  o b ta in e d  i n  ex p er im en ts  r e p o r te d  h e r e ,  t h i s  lu m in o s ity  
d e p r e s s io n  i s  d i f f i c u l t  t o  e x p la in ,  s in c e  i t  was found  t h a t  c a t io n s  
in c r e a s e  b o th  th e  background and lu m in o s ity  o f  th e  e lem en t under s tu d y .  
P o s s ib le  e x p la n a t io n s  a r e :  ( l )  W ith  th e  in t e r n a l  s ta n d a rd  t e c h n iq u e ,  
a d e p r e s s io n  w ould  be n o te d  i f  th e  i n t e r f e r e n t  ca u sed  a g r e a te r  en h an ce­
m ent o f  l i t h iu m  th a n  th e  e lem en t i n  q u e s t io n .  (2 )  W ith th e  chamber 
ty p e  fla m e  p h otom eter th e  sam ple i s  a to m ized  and o n ly  th e  f i n e
® ^B erry , C h a p p e l l ,  and B a rn e s , o p . C i t . (F o o tn o te  18)
p a r t i c l e s  a re  tra n s p o r te d  in to  th e  f lam e , and so i t  would appear t h a t  
some s e p a ra t io n  may occur so t h a t  th e  c o n c e n tra tio n  o f  m a te r ia ls  in  
th e  f in e  p a r t i c l e s  i s  d i f f e r e n t  from  t h a t  o f  th e  co a rse  p a r t i c l e s  
which a re  d ra in e d  away in  th e  P erk in -E lm er and c e n tr ifu g e d  o u t in  th e  
Fox^® flam e p h o to m ete r. A lso , ( 3 ) su b s tan ces  w hich change su rfa c e  
te n s io n  cou ld  change th e  p ro p o r tio n  o f  th e  sample volume which i s  
d ra in e d  to  t h a t  which goes in to  th e  f lam e , even under i d e n t i c a l  
a to m iz in g  c o n d it io n s . From th e  s tu d ie s  o f  C aton and B re m n e r ,^  th e  
l a s t  two co n c lu s io n s  seem w a rra n ted . T h is  m ight e x p la in  th e  i n t e r ­
fe re n c e  from m in e ra l a c id s  and v a r io u s  s a l t s  which h as  been  en co u n te red  
in  u s in g  th e  d i r e c t  method and chamber ty p e  a to m izer and e x p la in  th e  
n e c e s s i ty  f o r  u s in g  e i t h e r  in t e r n a l  s ta n d a rd iz a t io n  o r  an a tom izer 
such as th e  h e a te d  chamber Beckman which cau ses  a l l  o f  th e  sample 
to  e n te r  th e  f la m e . I f  th e  i n t e r n a l  s ta n d a rd  e lem ent and th e  e lem ent 
under q u e s tio n  a re  a f f e c te d  e q u a lly , th e  i n t e r n a l  s ta n d a rd  method w i l l  
c o r r e c t  f o r  th e se  in f lu e n c e s .  They a re  n o t a f f e c te d  e q u a lly , how ever.
As d e sc r ib e d  by W eichselbaum and V a r n e y , t h e  d i r e c t  a to m iz in g  
b u rn e r  overcomes m ost o f  th e se  d i f f i c u l t i e s ,  s in c e  th e  e n t i r e  sample 
i s  atom ized  in to  th e  f lam e . By e l im in a tin g  e r r o r  o f  p a r t i t io n i n g  
betw een la rg e  and sm all p a r t i c l e s  and th e  p o s s ib le  e r r o r  o f  hav ing
9 0^ C. L . Fox, E . B . Freeman, and S . E . L a sk e r , A s ta b le  i n t e r n a l  
s ta n d a rd  flam e photom eter f o r  sodium, p o ta ss iu m , l i th iu m , and calcium  
a n a ly s is  in  b io lo g ic a l  f l u i d s  and a s tudy  o f  io n  in te r f e r e n c e ,  Am.
Soo. T e s tin g  M at. STP 116 : 13-27  (1 9 5 2 ).
91R. D. C aton , J r . ,  and R . W. Brem ner, Some in te r f e r e n c e s  in
flam e pho tom etry , A n a l. Chem. 26 : 805-13  (195*0• See a lso  E g g e rtse n  
e t  a l ^, R eference  7«> p . 250.
E . W eichselbaum and P . L . V arney, A new method o f  flam e 
pho tom etry , P ro c .  Soc. E x p t l . B io l , and Med. 71 :570-72 (19**9)»
on ly  p a r t  o f  th e  sample e n te r  th e  flam e , th e se  so u rces  o f  in te r f e r e n c e  
a re  e l im in a te d , w ith o u t r e s o r t in g  to  a h e a te d  chamber w ith  i t s  
a t te n d a n t  p rob lem s.
By u s in g  th e  a ce ty le n e  flam e in  o rd e r to  h ig h ly  e x c i te  th e  
magnesium atom s, th e  in c re a se d  enhancement caused  by th e  a l k a l i  m e ta ls
p re s e n ts  a m ajor problem . As in d ic a te d  alm ost te n  y e a rs  ago by B erry
88e t  a l . a c e ty le n e  causes g r e a te r  in te r f e r e n c e ,  even w ith  th e  
i n t e r n a l  s ta n d a rd  in s tru m e n t. The oxy-hydrogen flam e causes l e s s  
in te r f e r e n c e ,  b u t as  was shown, th e re  i s  a r e a l  q u e s tio n  as to  
w hether th e  d ec rea se  i n  enhancement enco u n te red  i s  w orth  th e  r e s u l t i n g  
in c re a s e  in  background in te r f e re n c e  which o ccu rs  w ith  th e  w ider s l i t  
w id th s  n e ce ssa ry  to  o b ta in  s im ila r  s e n s i t i v i t i e s .  For th e  d e te rm in a ­
t io n  o f  sodium, p o tass iu m , and calcium  in  a lm ost a l l  b io lo g ic a l  
sam ples, th e  oxy-hydrogen flam e would be s u p e r io r  to  th e  a ce ty le n e  
f la m e . However, i f  magnesium i s  to  be d e te rm in ed , th e  h o t te r  flam e 
i s  a lm ost e s s e n t i a l .  The hydrogen flam e , a lth o u g h  o f  somewhat more 
danger because  le a k s  cannot be d e te c te d  by sm e ll, has th e  advantage 
o f  b e in g  q u ie te r  in  itB  o p e ra tio n , a l s o .
The i n t e r n a l  s tan d a rd  m ethod, a lth o u g h  o f  g re a t  use  w ith  i n s t r u ­
m ents o f  low s t a b i l i t y  and w ith  b u rn e rs  w ith  p o o rly  re g u la te d  gas 
p re s s u re s  and sample flow  r a t e s ,  app ears  to  o f f e r  l i t t l e  advantage 
over an in s tru m e n t such as  th e  Beckman 3XJ sp ec tropho tom eter w ith  
d i r e c t  a to m izer b u rn e r . In  f a c t ,  from th e  d a ta  p re s e n te d , a f a l s e  
sense o f  s e c u r i ty  may occur when u s in g  th e  w idely  h e ra ld e d  method o f  
i n t e r n a l  s ta n d a rd iz a t io n .  As o r ig in a l ly  d e s c r i b e d , t h e  in t e r n a l  
s ta n d a rd iz a t io n  method does n o t le a d  to  a c c u ra te  r e s u l t s  in  a l l  c a s e s ,
"becauee o f  th e  d i f f e r e n t  e f f e c t s  o f  in te r f e re n c e  on th e  lu m in o s ity  o f  
th e  e lem ent in  q u e s tio n  and on th e  in t e r n a l  s tan d a rd  e lem en t.
V I I .  C o n clusions
The fo llo w in g  c o n c lu s io n s  appear to  he w arran ted  from th e  d a ta  
o b ta in e d  and from a rev iew  o f  th e  work o f  o th e rs  in  t h i s  f i e l d :  
In s tru m e n ta l C o n d itio n s
1 . The use  o f  zero  su p p re ss io n  by means o f  th e  d a rk  c u r re n t  
c o n tr o l  i s  o f  advantage in  t h a t  th e  background re a d in g s  due to  th e  
flam e and w ater a re  p la ce d  below  th e  zero re a d in g  o f  th e  lu m in o s ity ' 
s c a le ,  th e reb y  g iv in g  a w id e r, more p r e c is e ly  re a d  s c a le  range f o r  
th e  lu m in o sity -ab o v e -w a te r re a d in g s .
2 . H u ll m eter n eed le  movement and th u s  p re c is io n  appear to  be 
dependent upon th e  flam e c h a r a c t e r i s t i c s ,  th e  monochromator 
e f f ic ie n c y ,  and r e s o lu t io n ,  and th e  pho to tube  s e n s i t i v i t y ,  and a re  
r e l a t i v e l y  independen t o f  d a rk  c u r r e n t ,  s e n s i t i v i t y  (m onochrom ator), 
lu m in o s ity  d i a l ,  and s e le c to r  (monochromator) p o s i t io n s .
3 .  P r e c is io n  i s  l im i te d  by lu m in o s ity  f lu c tu a t io n s .  These 
may be dampened by th e  use  o f  c a p a c ito r s  a c ro ss  th e  n u l l  m e te r .
4 .  When u s in g  a m a g n ifie r  above th e  n u l l  m eter and th e  0 .1  
s e le c to r  p o s i t io n ,  s e n s i t i v i t y  c o n tro l  s e t t in g s  on th e  monochromator 
o f  abou t 6 tu rn s  from  th e  co u n terc lo ck w ise  l i m i t  appear to  g ive  th e  
o p tim a l p r e c is io n .  A t th e se  s e t t i n g s ,  a u n i t  movement o f  th e  lum inosity  
d i a l  cau ses  an e q u a l ap p a ren t n u l l  m eter n eed le  movement. For a c c u ra te  
d e te rm in a tio n s  o f  magnesium, maximum s e n s i t i v i t y  w ith  minimum s l i t  
w id th s  a re  n e ce ssa ry  and so th e  f u l l  recommended v o lta g e  m ust be 
a p p lie d  to  th e  ^ lo to m u l t ip l ie r .
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5 . The tem p era tu re  o f  th e  sam ple, when u s in g  th e  in s tru m en t
a t  h ig h  s e n s i t i v i t y ,  i s  o f  p rim ary  im portance s in c e  a s l i g h t  in c re a s e  
in  tem p era tu re  cau ses  an  a p p re c ia b le  d e c rea se  in  lu m in o s ity  re a d in g  
( p a r t i c u l a r ly  o f  th e  w a ter background). L ikew ise th e  f l u i d  l e v e l  
in  th e  sample cup i s  o f  im portance , s in c e  th e  lu m in o s ity  re a d in g  
te n d s  to  in c re a s e  as  th e  f l u i d  l e v e l  d e c re a se s  w ith  a to m iz a tio n . 
E v a p o ra tio n , how ever, i s  n o t o f  m ajor im portance i f  th e  sam ples a re  
atom ized  w ith in  30 m inu tes a f t e r  p o u rin g . When h ig h ly  d i lu te d  th ey  
m ust be p ro te c te d  from  co n tam in a tio n , how ever.
6 .  The o x y -ace ty len e  flam e i s  p r e fe r r e d  r a th e r  th a n  th e  oxy- 
hydrogen flam e f o r  th e  d e te rm in a tio n  o f  magnesium because o f  i t s  
h ig h e r  e x c i t in g  pow ers, th u s  p e rm itt in g  th e  u se  o f  sm all s l i t  w id th s . 
R a d ia tio n  in te r f e r e n c e  (enhancem ent) i s  g r e a te r  w ith  th e  h o t t e r  flam e , 
how ever.
7 . F u e l p re s s u re s  g iv in g  a flam e which i s  7 to  8 cm h ig h  
appear to  g iv e  th e  b e s t  compromise betw een h ig h  s e n s i t i v i t y  and h ig h  
f lu c tu a t io n .  A lthough s l i g h t  in c re a s e s  in  s e n s i t i v i t y  a re  o b ta in e d  
by d ec rea sed  oxygen p re s su re  (o r  by u s in g  a s t i l l  h ig h e r  flam e) th e  
recommended oxygen p re s su re  i s ,  i n  g e n e ra l , p r e f e r a b le ,  s in c e  a 
s l i g h t l y  more un ifo rm  a tm o iz a tio n  and low er background and f lu c tu a t io n  
a re  o b ta in e d .
8 . F ocusing  on th e  upper c o lo re d  p a r t  o f  th e  flam e g iv e s  a  
s l i g h t l y  low er background, a lth o u g h  fo c u s in g  a s  to  p u t th e  upper edge 
o f  th e  lum inous cone o f  th e  flam e in  th e  m iddle o f  th e  e f f e c t iv e  
l i g h t  p a th  in to  th e  monochromator ( l / 2  c o lo r  and l / 2  w h ite )  g iv e s  a 
s l i g h t ly  h ig h e r  s e n s i t i v i t y .
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9 .  The s p e c t r a l  l i n e s  a re  to  be p r e fe r r e d  r a th e r  th a n  th e  
m o lecu la r band s p e c tra  because o f  th e  fa v o ra b le  m e ta l lu m in o s ity  to  
background lu m in o s ity  r a t i o  o b ta in a b le  w ith  sm all s l i t  w id th s . W ith 
th e  s p e c t r a l  l i n e s ,  an a c c u ra te  e s tim a te  o f  th e  background lu m in o s ity  
can  be made -  an Im p o s s ib i l i ty  w ith  band s p e c tr a .
1 0 . M inim al s l i t  w id th s  a re  o f  advantage s in c e  th e  d e s ir e d  l i n e  
s p e c tr a  lu m in o s ity  in c re a s e s  l i n e a r l y  w ith  in c re a s in g  s l i t  w id th , 
w hereas th e  background and m o lecu lar band lu m in o s i t ie s  in c re a s e  a s  
th e  square  o f  th e  s l i t  w id th . F lu c tu a t io n  ap p ears  to  be p ro p o r t io n a l  
to  th e  t o t a l  lu m in o s ity  and i s  n o t a b so lu te  in  amount. I t  i s  th u s  
d e c rea se d  more r a p id ly  w ith  d e c re a s in g  s l i t  w id th s  th a n  i s  th e  
s p e c t r a l  l i n e  lu m in o s ity  o f  th e  e lem en ts  s tu d ie d .
11 . I t  was found th a t  m ost o f  th e  c a t io n s  have a l i n e a r  lum in­
o s i ty  to  c o n c e n tra tio n  r e l a t io n s h ip  below  about 0 .1  m E q/l. A t 
h ig h e r  c o n c e n tra tio n s  m ajor d e v ia t io n s  occur due to  s e l f - a b s o r p t io n ,  
p a r t i c u l a r l y  in  th e  c a se s  o f  magnesium and sodium. Calcium  and 
s tro n tiu m  a t  th e  h ig h e r  c o n c e n tra tio n s  and a t  th e  w avelengths and 
under th e  c o n d itio n s  u sed  e x h ib i t  l e s s  s e l f - a b s o r p t io n .
D e te rm in a tio n  o f  Calcium
12 . A s tudy  was made o f  w aveleng th , o f  f u e l s ,  and o f  in te r f e r e n c e  
from  sodium and phosphate  f o r  th e  d e te rm in a tio n  o f  ca lc iu m . I t  i s  
concluded th a t  th e  m ost a c c u ra te  and s a t i s f a c to r y  r e s u l t s  can be 
o b ta in e d  by u s in g  th e  o x y -ace ty len e  flam e a t  lj-22.3 mu, a lth o u g h  i f  
o n e - te n th  th e  s e n s i t i v i t y  i s  adequate  ( i . e . ,  1 :10  plasm a d i lu t io n s )  
th e n  th e  ozy-hydrogen flam e would be p r e f e r a b le ,  due to  th e  low er 
sodium enhancem ent. Sodium enhances th e  calc ium  lu m in o s ity  v h i|.6
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phosphate depresses the  lu m in o sity . Both p re se n t major problem s.
13 . A s e l f - s ta n d a r d iz a t io n  method h as  been  d e sc r ib e d  f o r  th e  
d e te rm in a tio n  o f  calc ium  In  m a te r ia ls  o f  w idely  v a ry in g  com p o sitio n . 
D e te rm in a tio n  o f Magnesium
14. I t  was concluded t h a t  th e  s p e c t r a l  l i n e  a t  285 .2  mu i s  th e  
m ost s a t i s f a c to r y  w avelength  f o r  magnesium d e te rm in a tio n s  in  term s o f  
s e n s i t i v i t y  and freedom  from in te r f e r e n c e .  I t  i s  e s s e n t i a l  t h a t  th e  
o x y -ace ty len e  flam e be u sed , s in ce  maximum s e n s i t i v i t y  i s  re q u ire d
i f  d i lu t io n s  which a re  s u f f i c i e n t  to  m inim ize v is c o s i ty  in te r f e r e n c e  
a re  to  be made on p lasm a, p r o te in - f r e e  f i l t r a t e s ,  o r  u r in e .  E x cessiv e  
background in te r f e re n c e  from sodium i s  enco u n te red  i f  th e  ox ide  band 
s p e c tra  a t  371 o r 383 mu a re  u se d . A sodium s p e c t r a l  l i n e  l e s s  th an
0 .1  mu from th e  w avelength  o f  maximum magnesium s e n s i t i v i t y  causes 
an ap p a ren t magnesium c o n c e n tra tio n  o f  0 .002 m Eq/l p e r  1 .0  mEq/l 
sodium p r e s e n t .
D e te rm in a tio n  o f  C a tio n s  in  Plasm a
15. I t  i s  concluded th a t  th e  use  o f  s y n th e t ic  s ta n d a rd s  g iv e s  
h ig h ly  s a t i s f a c to r y  r e s u l t s  in  sam ples such as plasm a which have 
r e l a t i v e l y  un ifo rm  co m p o sitio n . C ontinued e v a lu a tio n  o f  t h i s  
method i s  in d ic a te d  because o f  i t s  p o s s ib le  use  in  ro u t in e  an a ly se s  
o f  plasm a f o r  th e  fo u r  m ajor c a t io n s .  The s e n s i t i v i t y  i s  such th a t  
on ly  1 ml o f  plasm a i s  re q u ire d  f o r  d u p lic a te  a n a ly se s  o f  a l l  fo u r  
c a t io n s .
C a tio n s  i n  U rin e  and O ther M a te r ia ls
16 . A method was d e sc r ib e d  whereby an in d ic a t io n  as  to  th e  
c o n c e n tra tio n  o f  th e  fo u r  m ajor c a t io n s  may be o b ta in e d  by th e  u se  o f
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d i lu te d  sam ples and c a l i b r a t io n  c u rv e s , u s in g  w ater and a  t e s t  
s o lu t io n  to  f i x  th e  ex trem es o f  t h i s  curve*
AHEEND1X B
AN ANNOTATED BIBLIOGRAHEf OF TBE FIAME SKCTROPHOTOMETRIC 
DETERMINATION OF CALCIUM AND MAGNESIUM,
INCLUDING CLOSELY RELATED PAHERB1
22&l, mh.
1 . Lundegardh, H. G. D ie Q u a n ti ta t iv e ; S u d c tra lan a ly se  d e r  E lem en te .
P a r t  1 , 1929; P a r t  2 , I 93V. J e n a : G ustav  F is c h e r .
The f i r s t  m ajor d e s c r ip t io n  o f  th e  u se  o f  a tom ic  s p e c t r a  
r e s u l t i n g  from flam e e x c i t a t io n  f o r  q u a n t i t a t iv e  a n a ly s i s .  
T h i r ty - fo u r  e lem en ts  a re  d e te c te d  hy t h i s  m ethod, u s in g  
an  a i r - a c e ty le n e  f lam e , a sp e c tro g ra p h , and p h o to g rap h ic  
d e te c t io n .
2321
2 . D uffendack , 0 .  S . ,  F . H. W iley , and J .  S . Owens. Q u a n ti ta t iv e
a n a ly s is  o f  s o lu t io n s  hy sp e c tro g ra p h ic  m eans. In d . Eng.
Chem., A n a l. Ed. 7 :^ 10-13  (1935)*
T h is  i s  a c l a s s i c a l  pap er d e s c r ib in g  th e  q u a n t i t a t iv e  
a n a ly s is  o f  s o lu tio n s  by sp e c tro g ra p h ic  m eans. An uncon­
densed sp ark  was u sed  in s te a d  o f  a f la m e . Anion 
in te r f e r e n c e  was d is c u s s e d . Cadmium was u sed  as  an 
i n t e r n a l  s ta n d a rd .
1221
3 . Thomson, K. B .,  and W illiam  C. L ee . The a p p l ic a t io n  o f  s p e c tro ­
g rap h ic  a n a ly s is  to  th e  q u a n t i ta t iv e  d e te rm in a tio n  o f  sodium,
p o tass iu m , ca lc iu m , and magnesium in  b io lo g ic a l  f l u i d s .  J .
^ h e  p ap e rs  a re  l i s t e d  c h ro n o lo g ic a l ly , p r im a r i ly  becau se  th e  
developm ent o f  t h i s  a n a ly t i c a l  to o l  h a s  aw aited  th e  developm ent o f  
in s tru m e n ts  o f  s u f f i c i e n t  s e n s i t i v i t y ,  s t a b i l i t y ,  and r e s o lv in g  pow er. 
Some o f  th e  tex tb o o k s  on sp ec tro sco p y  a re  in c lu d e d  a s  so u rc e s  f o r  
f u r th e r  in fo rm a tio n  c o n c e rn in g . th e  t h e o r e t i c a l  f a c to r s  in v o lv ed  i n  th e  
p ro d u c tio n  o f  atom ic and m o lecu la r s p e c t r a .  T h is  t h e o r e t i c a l  b ack ­
ground a id s  m a te r ia l ly  in  th e  u n d e rs ta n d in g  o f  i n te r f e r e n c e .  M ost, 
b u t  undoubted ly  n o t a l l ,  o f  th e  p ap ers  on th e  flam e p h o to m e tric  d e te r ­
m in a tio n  o f  calc ium  and magnesium a re  in c lu d e d . L i t e r a tu r e  b e a r in g  
p r im a r i ly  on sodium and po tassium  i s  much l a r g e r  i n  am ount, and h as  
been  m o stly  o m itte d . A b ib lio g ra p h y  on flam e photom etry  In c lu d in g  
l i t e r a t u r e  a v a i la b le  up th ro u g h  Septem ber, 1952, h a s  b een  com piled  by 
Patw in  In s tru m e n ts , W ater bury  2 0 , C o n n e c tic u t, and h a s  b een  u sed  a s  a 
source  f o r  some o f  th e  p ap ers  p re s e n te d  h e r e .
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B io l .  Chem. 118 :711-21  (1937 )•
T h is  i s  a  m o d if ic a t io n  o f  th e  D uffendack  p ro ced u re  c i t e d  
ahove f o r  th e  d e te rm in a tio n  o f  th e  m ajor c a t io n s  i n  
"b io lo g ic a l m a te r i a l s .  The s p e c tro g ra p h ic  m ethod, a lth o u g h  
o f  h ig h  s e n s i t i v i t y ,  i s  c h a r a c te r iz e d  "by e r r o r s  o f  th e  
o rd e r  o f  5 p e r  c e n t ,  -which can  he red u ced  o n ly  w ith  g r e a t  
d i f f i c u l t y .  L ik ew ise , th e  s e n s i t i v i t y ,  a s  in  th e  method 
re p o r te d  h e re ,  i s  r a th e r  low in  t h a t  th e  minimum fa v o ra b le  
c o n c e n tra tio n  f o r  sodium i s  50 mg p e r 100 m l; f o r  p o ta ss iu m , 
100; wtift f o r  ca lc iu m , 1 0 . Thus f o r  b lo o d  a n a ly s e s ,  th e  
s e n s i t i v i t y  i s  such t h a t  a c o n c e n tra t in g  o f  th e  c a t io n s  
would have to  "be m ade. (A lthough n o t  commonly r e a l i z e d ,  
by u s in g  p h o to m u lt ip l ie r  tu b e s ,  th e  flam e sp ec tro p h o to m e tr ic  
method i s  one o f  th e  m ost s e n s i t iv e  o f  th e  a n a ly t i c a l  
te c h n iq u e s .)
1938
!»-. D uffendack , 0 .  S . ,  K. B . Thomson, W illiam  C . L ee , and 0 .  G.
K oppiua. A mfethod f o r  th e  q u a n t i t a t iv e  sp ec tro c h e m ica l 
a n a ly s is  o f  v e ry  sm all amounts o f  b io lo g ic a l  m a te r ia ls  f o r  
sodium, p o ta ss iu m , ca lc iu m , magnesium, and le a d .  J .  B io l .
Chem. 1 2 6 :1 -7  (1 9 3 8 ).
T h is  pap er i s  a f u r th e r  m o d if ic a t io n  whereby h ig h e r  
s e n s i t i v i t y  i s  o b ta in e d . However, a sh in g  i s  r e q u ire d  f o r  
th e  m ethod. H ere, to o ,  th e  a u th o rs  n o ted  phosphate  was 
added to  th e  s ta n d a rd s  becau se  i t  caused  a  d e p re s s io n  w hich 
reach ed  a p la te a u  e f f e c t .
5* E . N o rin d e r. Q u a n ti ta t iv e  s p e c t r o - a n a ly t ic a l  d e te rm in a tio n  o f  
ca lc iu m , p o ta ss iu m , sodium , and magnesium in  sm all amounts o f  
b lo o d  serum . Blochem. Z . 299 : 168-73  (1 9 3 8 ).
T h is  p ap er d e s c r ib e s  th e  u se  o f  an  a i r - a c e ty le n e  flam e 
w ith  a f u r th e r  m o d if ic a t io n  f o r  su b s ta n c es  w hich a re  
d i f f i c u l t  to  e x c i t e ;  th e  u se  o f  a  sp a rk  i n  th e  f lam e .
Even so , magnesium c o u ld  o n ly  be d i lu t e d  1 :3  f o r  
d e te rm in a tio n  in  b lo o d  serum .
2222.
6 .  Zimmer, E l iz a b e th .  S p e c t r o a n a ly t ic a l  in v e s t ig a t io n s  on th e
magnesium c o n te n t o f  b lo o d  w ith  v a r io u s  d i s e a s e s .  S-pectrochim . 
A cta  1 :93-107 (1 9 3 9 ).
Ziianer found t h a t  a lbum in  in  unashed  b lo o d  sam ples ap p ea rs  
to  enhance th e  magnesium l i n e .  She th e n  a p p lie d  a c o r r e c t io n  
f a c to r  o f  53 p e r  c e n t  ( I ) to  c o r r e c t  f o r  t h i s  enhancem ent by  
album in .
19*K)
7 .  C assen , B e n e d ic t. A m ethod f o r  r a p id  d e te rm in a tio n  o f  magnesium
in  body f l u i d s  and some p re lim in a ry  r e s u l t s  on c l i n i c a l  m ethods.
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J .  Lab. C l in . Med,2 5 :411-13 (1 9 4 8 ).
The s o lu t io n  i s  atom ized  by a f in e  g la s s  sp ray  on to  th e  
s u rfa c e  o f  carbon  sp ark  e le c t r o d e s .  A ccuracy o f  th e  
method v a s  n o t m en tioned , and p o s s ib le  i n t e r f e r e n t  e f f e c t s  
were d is re g a rd e d .
8 .  L undergardh, H en rik , and H ild in g  B e rg s tra n d . S p e c t r a l - a n a ly t ic a l
in v e s t ig a t io n s  in to  th e  c o n te n t o f  m in e ra l su b stan ces  in  th e
l i v e r .  Nova A cta  R eglae S oc. S c i . U p s a lle n s lB  ( 4 ) ,  12 , n o . 3 ,
1-46 ( i n  E n g lish !  (1 9 4 0 ). 7chem« A b st. 37:5097 )
M eta ls  de term ined  s p e c tro s c o p ic a l ly  and r e s u l t s  d is c u s se d  
and compared to  th o se  o f  o th e r  w o rk e rs .
9 .  G rig g s , Mary A .,  R uth J o h n s t in ,  and Bonnie E . E l le d g e . M in era l
a n a ly s is  o f  b io lo g ic a l  m a te r ia ls  -  u se  o f  th e  Lundegardh
sp e c tro g ra p h ic  m ethod. In d . E ng. Chem., A n a l. E d . 13:99-101
(1 9 4 1 ).
An a i r - a c e ty le n e  b u rn e r  was u se d . Complete o x id a tio n  o f  
o rg an ic  m a te r ia ls  was o b ta in e d  by u se  o f  n i t r i c  a c id  and 
p e rh y d ro l a t  120 -l4 0 ° C.
1 0 . Lamb; F ran ces  W. D e te rm in a tio n  o f  b lood  magnesium. In d . Eng.
Chem. ,  A n a l. E d . 13 : 185-87  (1 9 4 1 ).
B lood was determ ined  u s in g  po tassium  aluminum s u l f a t e  as 
a  sp e c tro sc o p ic  b u f f e r  and in t e r n a l  s ta n d a rd . The 
s o lu t io n  was sprayed  on to  g ra p h ite  e le c t r o d e s .  Maximum 
e r r o r  r e p o r te d  o f  2 .4 4  p e r c e n t .  However, th e  range o f  
magnesium v a lu e s  o b ta in e d  was 2 .83  to  4 .6 0  mg p e r 100 m l.
(As in  so many p ap ers  co n cern in g  th e  sp e c tro sc o p ic  method 
o f  d e te rm in in g  c a t io n s ,  in te r f e r e n c e  e f f e c t s  were n o t 
n o ted  and e r r o r  o f te n  means r e p r o d u c ib i l i ty  and n o t th e  
degree  o f  agreem ent betw een th e  t r u e  v a lu e  and th a t  
observed  u s in g  th e  te c h n iq u e .)
1 1 . N o rin d e r, E . D e te rm in a tio n s  o f  c a t io n s  in  whole b lo o d  by means
o f  flam e and f la m e - in -s p a rk  s p e c t r a .  Blochem. Z . 312:188-98
(1942) ( i n  German). (Chem. A b s t. 3 7 :2757^)
The method o f  Lundegardh was u sed , whereby a  s p a rk - in ­
flam e i s  u sed  f o r  th e  d e te rm in a tio n  o f  magnesium.
1 2 . B rode, W. R . Chem ical S p ec tro sco p y .  Second E d i t io n .  New Y ork:
J .  W iley and Sons, 19^3.
T h is  i s  a c l a s s i c a l  d is c u s s io n  o f  th e  g e n e ra l  problem  o f  th e  
u se  o f  sp e c tro sc o p ic  m ethods f o r  chem ical d e te rm in a tio n s . 
L i t t l e  i s  in c lu d ed  as  to  flam e a n a ly s e s , b u t th e  g e n e ra l  
background o f  sp ec tro ch em ica l p ro ced u res  i s  com plete; such 
a s  th e  problem s o f  p re p a ra t io n  o f  th e  s ta n d a rd s , c a l i b r a t io n  
c u rv e s , in te r f e r e n c e .  I t  was m entioned t h a t  in te r f e r e n c e
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e f f e c t s  appear to  be l im i te d  to  c e r t a in  c o n c e n tra t io n  
ra n g e s , on e i t h e r  s id e  o f  -which th e  e f f e c t  can  be 
co n sid e red  c o n s ta n t ,  and th a t  t h i s  in te r f e r e n c e  may be 
p o s i t iv e  o r  n e g a t iv e .  By u se  o f  th e  sp ec tro g rap h  w ith  
h ig h  re s o lv in g  power, th e  e f f e c t s  o f  background a re  
g r e a t ly  reduced  and th u s  th e  prim ary  source  o f  in te r f e r e n c e  
i s  t h a t  due to  enhancement o r  d e p re s s io n . (Thus th e  u se  o f  
sp e c tro sc o p ic  b u f f e r s  to  m a in ta in  a r e l a t i v e l y  c o n s ta n t 
l e v e l  o f  in te r f e r e n c e  would be o f  a d v an tag e .)
1944
1 3 . C holak, J . ,  and D. M. Hubbard. S p ec troohem ical a n a ly s is  w ith  
th e  a i r - a c e ty le n e  f lam e . In d .  Eng. Chem. . A n a l.  E d . l 6 :
728-34 (1 9 4 9 ).
The method o f  q u a n t i t a t io n  as  recommended by Lundegardh in  
1929 and 1934 was to  compare th e  i n t e n s i ty  o f  th e  l i n e  to  
t h a t  o f  th e  background as  a  r a t i o .  O ther a u th o rs  have 
u sed  th e  d i f f e r e n c e .  These a u th o rs  in d ic a te ,  how ever, th a t  
th e  background (w h ile  th e  sample 1b b e in g  analyzed ) i s  
a ls o  b u t  n o t p ro p o r t io n a l ly  a f f e c te d  by th e  sam ple. Thus 
i t  would be n e c e ssa ry  to  compare th e  d if f e r e n c e  betw een 
t o t a l  and background lu m in o s ity  o f  sam ples. These a u th o rs  
in d ic a te  t h a t  i n t e r n a l  s tan d a rd s  may be u se d . The problem  
o f  u s in g  th e  p h o to g rap h ic  p la te  in  making q u a n t i ta t iv e  
e s tim a tio n s  o f  th e  c o n c e n tra tio n  o f  th e  e lem ent in  q u e s tio n  
i s  d i f f i c u l t .
2SS2
l 4 .  B arn es , R. B .,  D. R ich ard so n , J .  W. B e rry , and R . L . Hood. 
Flame photom etry , a r a p id  a n a ly t i c a l  p ro c e d u re . In d . Eng. 
Chem. .  A n a l. E d . 17:605-11 (1 9 4 5 ).
T h is  app ears  to  be th e  o r ig in a l  p aper on th e  f i l t e r  ty p e , 
b a r r i e r  la y e r  c e l l  p h o tom eter. They u se  hypoderm ic 
n eed le  t i p s  f o r  a to m izers  in to  a cham ber.
15* S c o t t ,  R . 0 .  The e f f e c t  o f  ex tran eo u s  e lem en ts on s p e c t r a l  
l i n e  in t e n s i ty  in  th e  c a th o d e - la y e r  a r c .  Jj_ S o c . Chem. In d . 
64:189-94 (1 9 4 5 ).
In te r f e re n c e  was com batted by th e  u se  o f  ex ce sse s  o f  th e  
i n t e r f e r e n t s  s in c e  p la te a u  e f f e c t s  a re  n o te d . A lso , 
sp e c tro sc o p ic  Buffers a re  added which have low io n iz a t io n  
p o te n t i a l s  and th u s  s t a b i l i z e  th e  l i g h t  source  w hich i s  
o f  im portance in  uBing a rc  and e l e c t r i c a l  d is c h a rg e s .
l 6 .  B e rry , J .  W ., I). G. C h ap p e ll, and R . B. B arn es . Improved
method o f  flam e pho tom etry . In d . Eng. Chem. . A n a l. E d . 18: 
19-24 (1 9 4 6 ).
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T h is  i s  a c l a s s i c  pap er as  concernes flam e pho tom etry .
L ith ium  i s  used  as an i n t e r n a l  s ta n d a rd  f o r  th e  d e te rm in a tio n  
o f  sodium and po tassium  because  th e  e x c i t a t io n  p r o p e r t ie s  
a re  v e ry  s im i la r .  N a tu ra l  gas i s  u sed  a s  a f u e l .  The 
n o ta t io n  i s  made t h a t  th e  i n t e r f e r e n t  e f f e c t s  o f  c a t io n s  
a re  m arkedly in c re a se d  when a c e ty le n e  i s  used  as a so u rc e .
A r a th e r  e x te n s iv e  e v a lu a tio n  o f  i n t e r f e r e n t  e f f e c t s  i s  
g iv e n . In  t h i s  in t e r n a l  s ta n d a rd  m ethod, two p h o to c e l ls  
a re  u se d , one r e c e iv in g  th e  l i g h t  from th e  elem ent in  
q u e s t io n , and th e  o th e r  from  l i th iu m . The p o te n t i a l  
developed  from each a re  opposed, th e reb y  g iv in g  th e  r e l a t i v e  
lu m in o s ity  o f  th e  e lem ent in  q u e s tio n . Because o f  t h i s ,
th e  e f f e c t s  o f  changes in  a i r  p r e s s u re ,  gas p re s s u re ,
v i s c o s i ty  a re  m inim ized , b u t n o t in  a l l  c a se s  com plete ly  
e l im in a te d . I t  i s  n o ted  th a t  th e  e f f e c t s  o f  th e  m in e ra l 
a c id s  and m ost o f  th e  s a l t  s o lu t io n s  a c t  to  d ec rea se  th e  
amount o f  l i g h t  e m itte d  when u s in g  th e  a b so lu te  o r  d i r e c t  
m ethod. (As in d ic a te d  in  th e  d is c u s s io n  (Appendix A ), t h i s
may be a  fu n c tio n  more o f  th e  a tom iz ing  system  used  th a n  o f
th e  e f f e c t s  o f  th e  e lem en ts on th e  flam e i t s e l f .  I f  t h i s  
i s  t r u e ,  when u s in g  in s tru m e n ts  o f  h ig h  s t a b i l i t y ,  th e  use 
o f  i n t e r n a l  s ta n d a rd iz a t io n  i s  o f  l e s s  im portance o r  v a lu e .)
M l
1 7 . H ald , P . M. The flam e photom eter fo r  measurement o f  sodium and
p o tass iu m  in  b io lo g ic a l  m a te r i a l s .  J .  B io l . Chem. l67:l*99“510
( M 7 ) .
The B arnes and B erry  type  photom eter i s  u se d . The sample 
i s  a sh ed . The problem s in v o lv ed  in  a n a ly z in g  b io lo g ic a l  
in  com parison to  i n d u s t r i a l  m a te r ia ls  i s  d is c u s s e d .
1 8 . Overman, R . R . ,  and A. K. D av is . The a p p l ic a t io n  o f  flam e
photom etry  to  sodium and po tassium  d e te rm in a tio n s  in  b io lo g ic a l  
f l u i d s .  J .  B io l . Chem. 168:61*1-1*9 ( M 7 ) .
The problem s in v o lv ed  i f  w et a sh in g  i s  u sed , due to  th e  
d e p re ss in g  e f f e c t  o f  th e  a c id  an io n s  p r e s e n t ,  and th e  
problem s in v o lv ed  w ith  dry  a sh in g  due to  s p la t t e r in g  
and c re e p in g , a re  p re s e n te d . T r ic h lo r a c e t ic  a c id  p ro te in  
p r e c ip i t a t i o n  was recommended.
191*8
1 9 . B e lk e , J . ,  and A. D ierkesm ann. A flam e photom eter method fo r
d e te rm in a tio n  o f  sodium, p o ta ss iu m , and calc ium  in  b io lo g ic a l  
f l u i d s .  A rch . E xn t. P a th . Pharm. 205*.629-1*6 (19^8) ( i n  German). 
F i l t e r  ty p e  pho tom eter, u s in g  th e  a c e ty le n e - a i r  f lam e .
2 0 . Brown, J .  G ., 0 . L i l l e l a n d ,  and R. K. Jac k so n . D e te rm in a tio n
o f  ca lc iu m , magnesium, in  le a v e s  u s in g  flam e photom eter method 
and q u a r tz  sp ec tro p h o to m ete r. P ro c . Am. Soc. S o r t .  S c i .  52 :1 -6  
(19^8 ) .
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The Beckman photom eter was u sed  w ith  a chamber type  
a to m izer and a n a tu r a l  gas-oxygen fla m e . These a u th o rs  
found th e  enhancing  e f f e c t s  o f  sodium to  be d ec rea sed  by 
th e  use  o f  a didymium f i l t e r  which h as  a v e ry  h ig h  absorbancy 
a t  th e  w avelength  o f  th e  sodium d o u b le t a t  abou t 590 mu.
The s e n s i t i v i t y  o f  th e  method d e sc r ib e d  h e re  i s  low in  t h a t  
abou t 100 mg$ o f  b o th  Ca and Mg a re  r e q u ire d  in  th e  sample 
s o lu t io n .
21 . Crism on, J .  M. E r ro r s  induced  by phosphate  in  flam e photom eter
a n a ly s is  o f  t i s s u e  ash  f o r  sodium and p o ta ss iu m . F e d e ra tio n  
P ro c . 7 :2k ( 19I+8 ) .
T h is  p re lim in a ry  r e p o r t  in d ic a te d  th a t  chem ical and flam e 
d e te rm in a tio n s  would ag ree  on ly  i f  phosphate  were p r e c ip i ­
ta t e d  w ith  calcium  o x id e . O therw ise th e  sodium and 
po tassium  d e te rm in a tio n s  were d ec rea sed  by th e  p h o sp h ate .
The ex p e rim en ta l m ethods, how ever, a re  n o t d e sc r ib e d  and 
th e  p o s s i b i l i t y  t h a t  th e  added calcium  ox ide  was enhancing 
th e  sodium and po tassium  lu m in o s ity  was a p p a re n tly  n o t 
c o n s id e re d .
2 2 . H a rr iso n , G. R . ,  R . C . Lord, and J .  R . Loofbourow. P r a c t i c a l
S p ec tro sco p y . New York: P r e n t ic e - H a l l ,  I 9 I+8 . 605 pp .
T h is  book g iv e s  th e  re a d e r  a g e n e ra l background as  to  th e  
u se  o f  sp ec tro sco p y  as  a s c i e n t i f i c  t o o l .  In s tru m e n ts , 
t e s t i n g ,  i l lu m in a t io n  so u rc e s , pho tography , th e o r ie s  as  to  
th e  o r ig in  o f  atom ic and m o lecu la r s p e c tr a ,  a b so rp tio n  
sp ec tro sco p y , q u a l i t a t iv e  and q u a n t i ta t iv e  sp ec tro ch em ica l 
a n a ly s e s , and o th e r  to p ic s  a re  rev iew ed . A lthough l i t t l e  
i s  g iv en  co n cern in g  flam e d i r e c t l y ,  t h i s  i s  a good source 
book f o r  some o f  th e  more im p o rtan t l i t e r a t u r e  as  concerns 
th e  use  o f  sp ec tro sco p y  in  g e n e ra l .
23 . L ey ton , L . Flame pho tom etry . Ann. Rep. Chem. S o c . 1+5:326-30
(191+8). _
F i l t e r s  were used  in s te a d  o f  m onochromators p r im a r i ly  
because o f  th e  d if f e r e n c e  in  c o s t .  Problem s o f  io n  
in te r f e re n c e  a re  "so lv ed "  by th e  use  o f  i n t e r n a l  s tan d a rd s  
o r  s tan d a rd s  o f  com position  s im ila r  to  t h a t  o f  th e  sam ple.
2 k , P a rk s , T . D ., H. 0 .  Johnson , and L . Iykken . E r ro r s  in  th e  use 
o f  a Model 18 P erk in -E lm er flam e photom eter f o r  th e  d e te rm in a­
t i o n  o f  a l k a l i  m e ta ls .  A n a l. Chem. 20:822-25 ( 19I+8 ) .
S ources o f  e r r o r  from a c id s  and c a t io n s  a re  d is c u s se d  and 
th e  c o n c lu s io n  i s  reach ed  th a t  complex su b stan ces  o f  unknown 
com position  can  be a c c u ra te ly  analyzed  on ly  a f t e r  rem oval 
o f  i n t e r f e r in g  su b s ta n c e s .
25* S h a p iro , S . ,  and H. H oagland. Flame photom eter d e te rm in a tio n s  o f  
sodium and po tassium  in  r e l a t i o n  to  p o s s ib le  in te r f e r e n c e s  o f  
p h o sp h a te . Am. J ,  P h y s io l . 153:^28-31 ( 191+8 ) .
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T h is  pap er answ ered th e  o b je c t io n s  o f  Crismon p re v io u s ly  
m entioned and gave ev idence  th a t  phosphate  does n o t 
s ig n i f i c a n t ly  i n t e r f e r e  w ith  sodium, po tassium  i f  th e  
sample i s  d i lu te d  s u f f i c i e n t l y .
26 .  T o th , S . J . ,  A. L . P r in c e , A. W allace , and D. S . M ikkelsen .
R apid  q u a n t i ta t iv e  d e te rm in a tio n  o f  e ig h t  m in e ra l e lem en ts 
in  p la n t  t i s s u e  by a sy s te m a tic  p rocedure  in v o lv in g  th e  use  
o f  a flam e p h o tom eter. S o i l  S c l . 66 :459-66 (19^8)•
The U B e o f  th ia z o le  y e llo w  f o r  magnesium i s  d is c u s s e d , 
b u t calc ium  i s  de term ined  by flam e pho tom etry . They r e p o r t  
t h a t  th e  calc ium  lu m in o s ity  i s  n o t a f f e c te d  by up to  20 
ppm sodium and 60 ppm p o tass iu m . The i n t e r n a l  s ta n d a rd iz a ­
t io n  method i s  u sed .
I 2ii2
2 $ . B i l l s ,  C. E . ,  F . G. McDonald, W. N iederm eier, and M. C.
S chw artz . R eduction  o f  e r r o r s  in  flam e pho tom etry . A n a l.
Chem. 21:1076-80 (1 9 ^ 9 ) .
Improvements on th e  o ld  model 18 P erk in -E lm er flam e 
photom eter were d e sc rib e d  and th e  methods o f  a n a ly s is  o f  
sodium and po tassium  were d is c u s s e d . Ashing by means o f  
a m u ffle  fu rn ace  was found n e ce ssa ry  and th e  co n tam in atio n  
from  d u s t in  th e  a i r  were d is c u s s e d . The e f f e c t s  o f  
v a r io u s  c a t io n s  on th e  sodium lu m in o s ity  were c o r re c te d  by 
c o n s tru c t in g  a c a l i b r a t io n  curve o f  th e  p e r c e n t e r r o r  in  
th e  sodium v a lu e  v e rsu s  th e  r a t i o  o f  th e  ash  to  ap p a ren t 
sodium v a lu e . Alm ost no e r r o r  was n o ted  u n t i l  100:1  
sodium -ash r a t i o s  were re a ch e d .
2 8 . Domingo, W. R . ,  and W. KLyne. A p h o to e le c t r ic  flam e pho tom eter.
Blochem. J .  45:400-08 ( 1949) .
The in c re a se d  enhancing  e f f e c t s  o f  a c e ty le n e  in  com parison 
to  th e  propane and n a tu r a l  gas flam es were d is c u s se d . 
F u rth erm o re , th e  g e n e ra l  problem  o f  in te r f e r e n c e  as  
r e l a t e d  to  sodium and po tassium  d e te rm in a tio n s  was 
d is c u s s e d .
29 .  M osher, R . E . ,  A. J .  B oyle , E . J .  B ird , S . D. Jaco b so n , T . M.
B a tc h e lo r , L . T . I s e r i ,  and G. B . I ty e rs . The use  o f  flam e 
photom etry f o r  q u a n t i ta t iv e  d e te rm in a tio n  o f  sodium and 
po tassium  in  plasm a and u r in e .  Am. J .  C l in . P a th . 19:461-70
(1 9 4 9 ).
The Beckman chamber type  photom eter was used  and methods 
f o r  sample p re p a ra t io n  f o r  plasm a and u r in e  were d e sc r ib e d . 
S y n th e tic  s tan d a rd s  were u sed , b u t  an im p o rtan t source  o f  
e r r o r  may be o b ta in e d  i f  t h e i r  recom m endations o f  u s in g  
l / 2 ,  1 , o r  1 -1 /2  ml o f  a s to ck  s o lu t io n  to  o b ta in  low , 
medium, and h ig h  c o n c e n tra tio n s  o f  th e  e lem en ts to  be 
m easured a re  fo llo w ed . I f  sodium, f o r  in e ta n c e , cau ses  an 
a p p re c ia b le  background e f f e c t  on p o tass iu m , th e n  by u s in g
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1/ 2 , 1 , o r  1- 1 /2  tim es th e  u s u a l sodium c o n c e n tra t io n , th e  
ap p a ren t lu m in o s ity  o f  po tassium  would he  changed.
3 0 . T o th , S . J . ,  and A. L . P r in c e . E s tim a tio n  o f  ca tio n -ex ch an g e
c a p a c ity  and exchangeable ca lc ium , p o ta ss iu m , and sodium
c o n te n ts  o f  s o i l s  hy flam e photom eter te c h n iq u e s . S o i l  S c l .
67:6:439-1+5 (1 9 4 9 ).
The Perk in-E lm er Model 52-A and th e  i n t e r n a l  s tan d a rd  
method were u sed  and calc iu m :p o tassiu m  r a t i o s  o f  1 :1  and 
calcium :sodium  r a t i o s  o f  3 :1 appear to  he th e  l i m i t s  f o r  
po tassium  and sodium le v e ls  b e fo re  in te r f e re n c e  i s  n o te d . 
Magnesium was determ ined  u s in g  a Beclman flame 
sp ec tro p h o to m ete r•
3 1 . W eichselhaum, T . E . ,  and P . L. V arney. A new method o f  flam e
pho tom etry . P ro c .  Soc. E x n t l . B io l , and  Med. 71:570-72 (1949)*
A d i r e c t  a tom iz ing  o r  c o n c e n tr ic  ty p e  b u rn e r  i s  d e sc r ib e d . 
(T h is  has been  r e f e r r e d  to  as th e  d i r e c t  a tom iz ing  b u rn e r .)  
Beckman In s tru m en ts  r e f e r  to  i t  a s  an a to m iz e r-b u rn e r .
U sing t h i s  b u rn e r , no in te r f e re n c e  from th e  common in o rg a n ic  
a c id s  in  l e s s  th a n  2 p e r c e n t o r  su cro se  o r  u re a  a t  4 p e r 
c e n t c o n c e n tra tio n  was n o te d . R e p ro d u c ib i l i ty  f o r  sodium 
and po tassium  i s  re p o r te d  as .5  p e r  c e n t u s in g  t h e i r  
in s tru m e n t. The use o f  S te ro x , a no n ca t io n ic  d e te r g e n t ,  
i s  suggested  to  overcome th e  c a p i l l a r y  e f f e c t s  o f  th e  
f l u i d  p ick -u p  tu b e . Average e r r o r s  f o r  sodium and 
po tassium  a re  re p o r te d  to  be 1 .5  and 2 p e r  c e n t ,  re sp ec tiv e ly .
2210
32 . A hrens, L. H. S-pectrochem ical A n a ly s is .  Cam bridge, Massachu­
s e t t s :  Addison-W esley P r e s s ,  I n c . ,  1950. 269 pp.
T h is  book i s  a lso  an e x c e l le n t  source o f  background u n d er­
s tan d in g  o f  th e  problem s in v o lv ed  in  sp ec tro ch em ica l 
a n a ly s is .  Of i n t e r e s t  to  flam e sp ec tro p h o to m etric  
d e te rm in a tio n s  i s  a l i s t i n g  o f  th e  e x c i t a t io n  p o te n t i a l s  
re q u ire d  f o r  th e  v a rio u s  e lem en ts and th e  w avelength  o f  
h ig h e s t  s e n s i t i v i t y .  A d is c u s s io n  a lso  o f  tem p era tu re  and 
e x c i t a t io n  p o te n t i a l  i s  g iv e n . C hapter 7 i s  concerned  w ith  
p r in c ip le s  o f  q u a n t i ta t iv e  a n a ly s is .  C hapter 8 i s  concerned 
w ith  th e  e f f e c t s  o f  changes o f  co m position  on l i n e  i n t e n s i ty  
( i . e . ,  th e  problem  o f  in t e r f e r e n c e ) .  A d is c u s s io n  o f  th e  
method o f  a d d it io n  i s  p re se n te d . A re fe re n c e  to  th e  work o f  
P earce  and Gaydon on i d e n t i f i c a t i o n  o f  m o lecu lar s p e c tra  
would be o f  i n t e r e s t  to  th o se  c o n s id e r in g  the  use o f  
m o lecu lar band s p e c tra  f o r  flam e d e te rm in a tio n s .
3 3 . Brown, J .  G ., 0 .  L i l l e l a n d ,  and R . K. Jac k so n . F u r th e r  n o te s  on
th e  use o f  flam e methods fo r  th e  a n a ly s is  o f  p la n t  m a te r ia ls
fo r  p o tass iu m , calc ium , magnesium, and sodium . P ro c . Am. Soc.
H o rt. S c l . 56:12-22 (1 950).
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S y n th e tic  s tan d a rd s  were u sed  and reco v ery  experim en ts  were 
made. The s e n s i t i v i t y ,  however, i s  low .
3&. Conrad, A. L . ,  and W. C. Johnson . Flame photom eter te c h n iq u e s . 
A nal.  Chem. 22:1530-33 (1 950).
Flame pho tom etric  te ch n iq u es  in  th e  a n a ly s is  f o r  'barium , 
ca lc iu m , s tro n tiu m , and l i th iu m  in  petro leum  o i l s  was 
d is c u s s e d . A ccuracy o f  10 p e r c e n t was re p o r te d .
35 . D unker, E . ,  and H. Passow . E in ig e  m o g lich k e iten  zur erhohung
d e r M e s s is ic h e rh e it  b e i  d e r Flam m enphotom etric. Blochem. Z.
321:152-27 (1 950).
In c re a se d  accuracy  may be o b ta in e d  by u s in g  a more s ta b le  
flam e , a good m onochromator, and s ta b le  e l e c t r i c  c i r c u i t s  
w ith  h ig h  l i n e a r i t y .
36 .  G i lb e r t ,  P . T . ,  J r . ,  R . C. Hawes, and A. 0 . Beckman. Beckman
flam e sp ec tro p h o to m ete r. A n a l. Chem. 2 2 : 772-80  (1 9 5 0 ).
T h is  i s  an o th er c l a s s i c a l  p aper on flam e sp ec tro p h o to m etric  
te ch n iq u es  in  t h a t  i t  d e sc r ib e s  r a th e r  com ple te ly  th e  
v a r io u s  so u rces  o f  in t e r f e r e n t  e f f e c t s .  The d isad v an tag es  
o f  I n te r n a l  s ta n d a rd iz a t io n  a re  d is c u s se d  and th e  flam e 
background o f  b o th  th e  oxy-hydrogen and n a tu r a l  gas flam es 
g iv e n . R e la t iv e  s e n s i t i v i t i e s  to  th e  v a r io u s  e lem en ts 
a re  p re s e n te d , u s in g  t h e i r  in s tru m e n t. The in s tru m en t 
was th e  h e a te d  chamber ty p e  pho tom eter, whereby th e  sample 
i s  a tom ized , and th e  r e s u l t in g  a e ro s o l  drawn in to  th e  
f lam e . They r e p o r t  t h a t  d i lu t io n  d ec rea sed  th e  in t e r f e r e n c e .  
S e lf - a b s o rp t io n  problem s o f  th e  c a t io n s  a re  d is c u s s e d .
37 .  H ald , P . M. D e te rm in a tio n  w ith  flam e p h o tom eter. Mkthods in
M edical R esearch  (M. B. V is sc h e r , e d .)  ^ :7 9 “105« C hicago:
Y ear Book P u b lis h e r s ,  I n c . ,  1950*
T his d is c u s s io n  i s  p r im a r i ly  concerned w ith  th e  B arc lay  
in s tru m en t as  developed by B erry , B arn es , e t  a l .
Methods o f  use  and v a r ia b le s  which a f f e c t  th e  accuracy  were 
d is c u s s e d .
38 .  H arvey, C. E . S-pectrochem ical P ro ce d u re s . G len d a le , C a l i f o r n ia :
A pplied  R esearch  L a b o ra to r ie s ,  1950." 402 pp .
T h is  i s  an o th er tex tb o o k  g iv in g  background in fo rm a tio n .
39* M osher, R . E . ,  E . J .  B ird , and A. J .  B oy le . Flame ph o to m etric
d e te rm in a tio n  o f  calcium  in  th e  b r u c i te  and m ag n es ite . A n a l.
Chem. 22 : 5 : 715-17  (1950).
The Beckman photom eter was u sed  a t  622 mu, d e te c t in g  th e  
calcium  oxide band. N a tu ra l gas o r  propane was u sed  w ith  
a s tudy  o f  th e  e f f e c t s  o f  magnesium, aluminum, and i ro n  
on th e  calcium  i n t e n s i t y .
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ko. N a te lso n , S . The ro u t in e  use  o f  th e  P erk in -E lm er fiafce photom eter 
In  th e  c l i n i c a l  la b o ra to ry .  Am. J .  C l in . P a th . 20 :^63-72  (1950)• 
Some o f  th e  d i f f i c u l t i e s  w ith  th e  Model 52-A P erk in -E lm er 
in s tru m e n t were d e sc r ib e d  w hich in  l a t e r  m odels were 
c o r re c te d .
1
4 l .  P ro e h l, E . C . ,  and W. P . N e lso n . The flam e photom eter in  
d e te rm in a tio n  o f  sodium and p o tass iu m . Am. J .  C l in . P a th . 
20 :9 :806-13  (1 9 5 0 ).
T h e  B e c k m a n  p h o t o m e t e r  i s  U B ed  w i t h  d i l u t i o n s  o f  s e r u m  a n d  
u r i n e  o f  1:100 f o r  s o d iu m  a n d  1:500 f o r  p o t a s s i u m .  T h e  
i n t e r f e r e n t  e f f e c t s  o f  s o d iu m  o n  p o t a s s i u m  a r e  p r e s e n t e d  
b y  r e l a t i n g  t h e  p e r  c e n t  i n c r e a s e  i n  e m i s s i o n  sfc t h e  
p o t a s s i u m  w a v e l e n g t h  i n  c o m p a r i s o n  t o  t h e  s o d l u m : p o t a s s i u m  
r a t i o s .  I f  u n i v e r s a l l y  v a l i d ,  t h i s  w o u l d  b e  a  r e l a t i v e l y  
e a s i l y  a p p l i e d  c o r r e c t i o n  p r o c e d u r e .
h2• R obinson, A. R . ,  K. J .  Newman, and E . J .  Schoeb. M inera l
a n a ly s is  o f  b io lo g ic a l  m a te r ia l  by flam e sp ec tro sc o p y . A n a l.
Chem. 22 :8 :1026-28  (1 9 5 0 ).
A sim ple b u rn e r was d e sc r ib e d  which u se s  an a L l-p la s t ic  
a to m iz e r . A q u a r tz  sp ec tro g rap h  i s  u sed  w ith  an a i r -  
a c e ty le n e  flam e . In  a n a ly s is ,  th e  re g io n  1 cm above th e  
b lu e  cone o f  th e  flam e i s  u sed .
k3 . Schrenk , W. G. Flame pho tom etry . A nal. Chem. 22 :9 :1202-03 
(1 9 5 0 ).
A round ta b le  d is c u s s io n  by members o f  th e  D iv is io n  o f  
A n a ly t ic a l  C hem istry , Am erican Chem ical S o c ie ty , concern ing  
magnesium and ca lc iu m . They f e l t  th e  fo llo w in g  in s tru m e n ta l  
changes would have to  be made f o r  adequate accuracy  and 
s e n s i t i v i t y :  ( l )  b e t t e r  le n s  system  betw een flam e and 
p h o to c e l l ;  (2 ) improved a m p lif ie r ;  and ( 3 ) in c re a se d  flam e 
tem p era tu re  (o x y -a c e ty le n e ) .
1*4. S chrenk , W. G ., and F . M. Sm ith . Flame photom eter a ttachm en t 
as  e x c i t a t io n  source f o r  sp e c tro g ra p h . A n a l. Chem. 22:1023- 
26 (1 9 5 0 ).
U sing  th e  in s tru m en t d e sc r ib e d , calcium  em issio n  was too  
weak to  be u sed .
1*5• S ev e rin g h au s, J .  W ., and J .  W. F e rre b e e . Calcium  d e te rm in a tio n  
by flam e photom etry ; Methods f o r  serum, u r in e ,  and o th e r  f l u i d s .
J .  B io l . Chem. 187 : 621-30  (1 9 5 0 ).
A d e s c r ip t io n  o f  an e x c e l le n t  method f o r  d e te rm in in g  serum 
calc ium  u s in g  s y n th e t ic  s ta n d a rd s  was overshadowed by a 
d e s c r ip t io n  o f  a  te ch n iq u e  to  determ ine  background c o r r e c t tn s  
a t  558 mu f o r  sodium and po tassium  in  sam ples such as u r in e .  
Enhancement was a p p a re n tly  n o t c o n s id e re d . Four p e r  c e n t TCA1 
f i l t r a t e s  u sed . Accuracy eq u al to  th e  gasometrtLc d e te rm in a ­
t i o n  o f  o x a la te  p r e c ip i ta te d  calcium  c la im ed .
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b6. S nyder, J .  Q. The use  o f  th e  Beckman flam e spec tro p h o to m ete r 
i n  p la n t  and s o i l  a n a ly s is .  P ro c . O k la . Acad. S c i . 31:13^-36  
(1 9 5 0 ).
The samples were w et ash ed . S tan d a rd  cu rv es  and c o r r e c t io n  
f a c to r s  d e sc r ib e d  to  g iv e  95"100 p e r  c e n t re c o v e ry .
47 . W est, P . W ., P . F o ls e , and D. Montgomery. A p p lic a tio n  o f  flam e 
spectropho tom etry  to  w a ter a n a ly s is .  A n a l. Chem. 22 : 667-70  
(1 9 5 0 ).
By adding  h ig h  c o n s is te n t  c o n c e n tra tio n s  o f  d iv e rs e  c a t io n s  
to  th e  sample and s ta n d a rd s , sm all v a r ia t io n s  in  c o n ce n tra ­
t i o n  w ith in  th e  sam ples them selves were th o u g h t to  he 
w ith o u t e f f e c t  on th e  lu m in o s ity  o f  th e  m e ta l io n  b e in g  
d e te rm in ed . Only Na, K, and Ca d e te rm in ed . R a d ia tio n  
b u f f e r  composed o f  c h lo r id e s  o f  Na, K, Ca, and Mg. They 
used  s y n th e t ic  s tan d a rd s  p lu s  a " b u f f e r ."  (U n fo r tu n a te ly , 
m ost b io lo g ic a l  m a te r ia l  c o n ta in s  much more th e  s e r io u s  
i n t e r f e r e n t ,  sodium, th a n  does w a te r .)
m k
^8 .  A d d in k , N. W. H. Q u a n t ita t iv e  s p e c tr o c h e m ic a l a n a ly s i s  by th e
d i r e c t  c u r re n t  carbon  a r c .  I .  G enera l m ethods. I I .  B io lo g ic a l  
m a te r ia l s ,  p o s s ib le  c o r r e la t io n  betw een th e  z in c  c o n te n t o f  
l i v e r  and b lood  and th e  cancer problem . R ec. T rav . Chim. 
70 : 155-67  (1 9 5 1 ). (Chem. A b st. U5:5217d)
Mg, C a, K, Na, P , F e , and Zn de term ined  in  t i s s u e  u s in g  a 
g ra p h ite  anode.
U9 . B re a le y , L . ,  and R . E. R o ss . Flame ph o to m ete rs , a d e s c r ip t io n  
o f  two in s tru m e n ts . A n a ly st 76 : 33^-39 ( 1951) .
H igher tem p era tu re  o f  a i r - a c e ty le n e  flam e found to  cause 
an enhancem ent. The a l k a l i  m e ta ls  th e n  m u tu a lly  i n t e r f e r e .  
Hot flam es g iv e  b e t t e r  r e s u l t s  in  term s o f  an io n  in te r fe re n c e , 
how ever.
5 0 . E l l i o t ,  F . H. D e term in a tio n  o f  th e  c h a r a c t e r i s t i c s  o f  a flam e
ph otom eter  and e f f e c t s  o f  i n t e r f e r i n g  s u b s ta n c e . C anadian J .  
o f  T ech n o logy  29:111-22 (1 9 5 1 ).
A s t r i k in g  d if f e r e n c e  from w orker to  w orker and in s tru m en t 
to  in s tru m en t as to  th e  m agnitude o f  e r r o r  caused by 
in t e r f e r e n t s  was re p o r te d .
51 . F ie ld e s ,  M ., P . J .  T . K ing, J .  P . R ich ard so n , and L . D . S w indale .
E s tim a tio n  o f  exchangeable c a t io n s  in  s o i l s  w ith  th e  Beckman 
flam e sp ec tro p h o to m ete r. S o i l . S c i . 72 : 219-32  ( 1951) .
W ith th e  o ld e r  m odel, cham ber-type pho tom eter, th ey  r e p o r t  
t h a t  th e  lu m in o s ity  from - a t  285.2  and Ca a t  U22 .7  mu 
was to o  low in  r e l a t i o n  to  th e  flam e background to  be o f  
u s e .
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52 . H ospadaruk, V ., B . F rankeriberg , and A. H. N ew feld. Flame
sp ec tro p h o to m etry . I .  S ta n d a rd iz a t io n  o f  th e  in s tru m e n t.
Canad. M. A ss. J .  65 : 26^-65 (1 9 5 1 ).
T ech n ica l d e t a i l s  o f  s e t t in g  up an o ld e r  model were g iv e n .
53 . H un ter, F . R . , and G. D. B erenda. The use o f  flam e photom eter
f o r  a n a ly se s  o f  h lo o d . J .  B io l . Chem. 192:701-06 (1 9 5 1 ).
About sodium and po tassium  d e te rm in a tio n s ; d e t a i l s  and 
l i t e r a t u r e  re fe re n c e s  on b lood  sample p re p a ra t io n  were 
g iv en .
5 ^ . K n ig h t, S . B .,  W. C. M ath is , and J .  R . Graham. M in era l a n a ly s is  
w ith  th e  flam e pho tom eter. Anal.Chem. 23:170^-06 (1 9 5 1 ).
The u se  o f  in te r fe re n c e  cu rv es  found to  be u n s a t i s f a c to r y  
because th e  e f f e c t s  a re  n o t a d d i t iv e .  The in te r n a l  
s tan d a rd  g iv e s  b e t t e r  r e s u l t s  th an  a t t r ib u ta b le  to  
a tom izer and b u rn e r v a r ia t io n  c o r re c t io n s  o n ly .
55* Leppanen, F . ,  and 0 .  F o rsa n d e r. F lam e-photom etric  d e te rm in a tio n s  
o f  po tassium  and sodium in  b io lo g ic a l  f l u i d s .  Scand. J .  C l in . 
Lab. I n v e s t . 3 :3 3 -^0  (1 9 5 1 ).
A uthors assume th a t  th e  use  o f  an i n te r n a l  s tan d a rd  
in s tru m en t i s  th e  on ly  s a t i s f a c to r y  m ethod.
56 .  MoBher, R . E . ,  N. I ta n o ,  A. J .  B oyle , G. B. M eyers, and L . T . 
I s e r i .  The e s tim a tio n  o f  calcium  in  human plasm a by flam e 
spec tro p h o to m etry . Am. J .  C l in . P a th . 21 :75-80  (1951).
They recommended th a t  th e  sample be w et ashed and th e  Ca 
p r e c ip i ta te d  as th e  p h o sp h ate . The p r e c ip i t a t e  was 
d is so lv e d  w ith  HC1, and d i lu te d  w ith  a NaCl s o lu t io n .  
S y n th e tic  s tan d a rd s  were u sed . D ire c t  p r e c ip i t a t io n  o f  
oxine ( 8-q u in o l in o l)  f lu o r id e  and phosphate  n o t com plete . 
O xalate  w i l l  work, b u t ta k e s  more tim e . NaCl s o lu tio n  
u sed , s in ce  some Na in  p r e c ip i t a t e  and a p la te a u  o f  e f f e c t  
n o ted  above a c e r t a in  c o n c e n tra tio n . Phosphate d e p re sse n t 
e f f e c t  n o te d .
57* Ramsay, J .  A .,  S .  W. H. W. F a llo o n  and K. E. M achin. An
in te g r a t in g  flam e photom eter fo r  sm all q u a n t i t i e s .  J .  o f  
S c le n t . I n s t . 28 :75-80  (1951).
Sample d r ie d  on a P t  w ire  and th en  th r u s t  in to  an a i r - c o a l  
gas f lam e . S p ec tro g rap h , p h o to m u ltip lie r  tu b e , and M ille r  
in te g r a to r  u sed . E r ro r  s a id  to  be 3 p e r  c e n t .  100 u n i t  
d e f le c t io n  by 10 mpgm Na. Flame tem p era tu re  Im p o rtan t;
50° C. change in  flam e tem p era tu re  found to  cause a ^0 p e r 
c e n t change in  m eter re a d in g .
58 . Seay , W. A ., 0 .  J .  A tto e , and E . T roug. E lim in a tio n  o f  calcium  
in te r f e re n c e  in  pho tom etric  d e te rm in a tio n  in  s o i l s  and p la n t s .  
S o i l  S c i . 71 : 83-90  (1951 ).
W ith th e  model 18 P e rk in -E lm er, Ca l i g h t  passed  th ro u g h  
th e  f i l t e r  and was reco rd ed  as  Na.
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5 9 . S m it , J . ,  C. T . J .  A lkem ade, and J .  C . M. V e r sc h u r e . A c o n tr ib u ­
t i o n  to  th e  developm ent o f  th e  flam e p h o to m etric  d e te rm in a tio n  
o f  sodium and po tassium  in  h lood  serum . B lochim . e t  B lophys.
A cta 6:508-23 (1 9 5 1 ).
E r ro rs  d is c u s s e d . S e lf - a b s o rp t io n  and a l k a l i  e a r th  
enhancement a t t r i b u t e d  to  d i f f e r e n c e s  in  io n iz a t io n  under 
th e  p re v a i l in g  c o n d it io n s .
6 0 .  Sommers, A . J .  U ses  and a b u ses  o f  th e  fla m e  p h o to m eter . Am. J .
Med. T echnol. 17 : 276-82  (1 9 5 1 ).
W eicheelbaum-Varney flam e sp ec tro p h o to m ete r u sed . For K, 
remove plasm a o r  serum w ith in  o n e -h a lf  hour a f t e r  draw ing 
b lo o k  o r  K v a lu e s  w i l l  in c re a s e .  H ep arin ized  plasm a 
su p e r io r  to  serum, b u t serum p re fe r r e d  i f  p ro p e r p re ­
c a u tio n s  a re  ta k e n .
3252
61 .  A m erican S o c ie t y  f o r  T e s t in g  M a t e r ia l s .  Symposium on  Flam e
P hotom etry . STP 116. P h ila d e lp h ia :  Am erican S o c ie ty  f o r  
T e s tin g  M a te r ia ls ,  1952. 120 p p .
A monograph w ith  s e v e ra l  p ap e rs  o f  p a r t i c u l a r  i n t e r e s t  as 
seen  below .
62. B e rn s te in , R . E . C o rre c tio n  o f  so u rces  o f  e r r o r  in  th e  e s t im a tio n
o f  sodium, p o tass iu m , and calc ium  in  b io lo g ic a l  f l u i d s  and 
t i s s u e s  by flam e sp ec tro p h o to m etry . B iochim ica e t  B io p h y sics  
A cta  9:576-77 (1 9 5 2 ).
In te r f e re n c e  reduced  by d i lu t i o n  o f  th e  sam ple. I n te r n a l  
s tan d a rd  b e s t  when u s in g  L i f o r  Na d e te rm in a tio n  s in ce  th e  
two a l k a l i  e a r th  m e ta ls  have c lo s e ly  s im ila r  e x c i t a t io n  and 
io n iz a t io n  p o te n t i a l s ,  and th e  em issio n  o f  b o th  in  th e  
propane and a c e ty le n e  flam es i s  in f lu e n c e d  th e  same by 
in o rg a n ic  and o rg an ic  su b s ta n c e s . There i s  " s l ig h t"  
v a r ia t io n  w ith  r e s p e c t  to  K and "some" d e v ia t io n  f o r  Ca.
6 3 .  B y e r s , D . H. Flame sp e c tr o p h o to m etr y . O ccup. H e a lth .  12 :19^
( 1 9 5 2 ) .  (C u rren t L i s t in g s  o f  M ed ica l R esea rch  2 3 :1 7 7 2 1 )
6 k .  C u l l in s ,  C. G . , and H. P o lk in h o r n e . An i n v e s t i g a t i o n  o f  a n io n ic  
in t e r f e r e n c e  in  th e  d e te r m in a tio n  o f  sm a ll q u a n t i t i e s  o f  
p o ta ssiu m  and sodium w ith  a new fla m e  p h o to m eter . A n a ly s t  
7 7 ^ 3 0 -3 6  (1 9 5 2 ).
U sing o p t ic a l  f i l t e r s  and b a r r i e r - l a y e r  c e l l s ,  an ion  
in te r f e re n c e  was s tu d ie d . The p e r  c e n t e r r o r  was p lo t te d  
a g a in s t  th e  lo g  o f  th e  c o n c e n tra t io n . Anion in te r f e r e n c e  
was th e  same from th e  a c id  and th e  ammonium s a l t .  The 
e f f e c t  on po tassium  was g r e a te r  th a n  on sodium. In te r f e r e n c e  
th o u g h t to  be due to  th e  fo rm a tio n  o f  s a l t s .
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6^ . C u r t i s ,  G. W ., H. E . K aauer, and L . E. H u n te r. The e f f e c t  o f  
o rg a n ic  s o lv e n ts  on th e  flam e p h o to m etric  em issio n  o f  c e r t a in  
e lem en ts . Am. Soc. f o r  T e s tin g  M a te r ia ls  STP Ho. 116 : 67-76  
(1 9 5 2 ).
The e f f e c t s  o f  o rg an ic  so lv e n ts  on th e  em issio n  o f  Ba, Ca, 
and Na s tu d ie d .  F a c to rs  o th e r  th a n  m o lecu lar w eigh t and 
a to m iz a tio n  r a t e  cause th e  enhancem ent. Maybe flam e 
tem p era tu re  d o es, b u t th ey  cou ld  n o t g e t  r e l i a b l e  d a ta  
on t h i s .
6 6 .  Bunn, A. L . , F .  L . H um oller, and A. R. M cIn ty re . S w itch ing
system  f o r  Beckman a b so rp tio n -fla m e  sp ec tro p h o to m ete r. A n a l. 
Chem. 2^:229 (1952).
For sw itch in g  th e  pho to tube  lo a d  r e s i s t o r s .
67 .  E g g e rtse n , F . T . ,  G. Wyld, and L . Iy k k en . C o n tro l o f  I n t e r ­
fe re n c e  caused by a c id s  and s a l t s  in  th e  flam e ph o to m etric  
d e te rm in a tio n  o f  sodium and p o ta ss iu m . Am. Soc. f o r  T e s tin g  
M a te r ia ls  STP 116:52-65 (1 9 5 2 ).
They concluded t h a t  e r r o r  was p r im a r i ly  due to  a d ec rea se  
in  th e  amount o f  e v a p o ra tio n  th a t  o ccu rs  betw een th e  tim e 
th e  m is t d ro p le ts  form  and e n te r  th e  f lam e . A cids and 
s a l t s  h in d e r  t h i s  e v a p o ra tio n  and so more w a ter e n te r s  
th e  flam e (c o o ls  i t ) ,  and r e s u l t s  in  a d ec rea sed  r a d ia t io n  
o u tp u t .  E lim in a te  an ion  in te r f e re n c e  by in te r n a l  s tan d a rd  
te c h n iq u e , ve ry  low c o n c e n tra t io n s , v a r io u s  d i lu t io n s  and 
e x tr a p o la t io n  o r by u s in g  h ig h  c o n c e n tra tio n s  in  b o th  
sample and s ta n d a rd  to  overshadow th e  e f f e c t s .  B ir e c t  
a tom iz ing  should  m inim ize th e  e f f e c t . In te r f e re n c e  by 
m e ta ls  waB f e l t  to  be more seriouB  s in ce  th e  re fe re n c e  
e lem ent may be a f f e c te d  d i f f e r e n t ly  th a n  th e  t e s t  elem ent 
when u s in g  in t e r n a l  s ta n d a rd iz a t io n .
68 .  F o x , C . L . ,  J r . ,  E .  B .  Freem an, and S .  E . L a sk e r . A s t a b le
i n t e r n a l  s ta n d a rd  flam e photom eter f o r  sodium, p o tass iu m , 
l i th iu m , and calc ium  a n a ly s is  in  b io lo g ic a l  f l u i d s  and a 
s tu d y  o f  io n  in te r f e r e n c e .  Soc. f o r  T e s tin g  M a te r ia ls
STP 116:13-27 (1 9 5 2 ).
Even a f t e r  sample p re p a ra t io n  by o x a la te  p r e c ip i t a t i o n ,  
u n s a t i s f a c to r y  r e s u l t s  o b ta in e d  f o r  ca lc iu m . C e n tr ifu g a l  
fo rc e  u sed  to  se p a ra te  o u t th e  co arse  spray  p a r t i c l e s .
(The an io n  e f f e c t s  d is c u s se d  by E g g erteen  e t  a l .  (p re v io u s  
re fe re n c e )  would be s t i l l  more s e r io u s .)
69 .  G i lb e r t ,  P . T . ,  J r .  B e te rm in a tio n  o f  t e t r a e t h y l l e a d  in  g a so lin e
by flam e p h o to m eter . Am. S o c .  f o r  T e s t in g  M a te r ia ls  STP n g s
77-91  ( 1952) .
One o f ,  i f  n o t th e ,  f i r s t  p u b l ic a t io n  d e s c r ib in g  th e  d i r e c t  
a to m iz in g  Beckman flam e photom eter w ith  p h o to m u ltip lie r  
a tta ch m en t. "Needle n o is e ,"  flam e s p e c tra  r e s o lu t io n ,  
p o r t io n  o f  flam e u sed , and background d is c u s s e d . (A tom izing
-  221 -
g a s o lin e , a maximum e f f e c t  o f  o rg an ic  so lv e n t enhancement 
was p robab ly  n o te d .)
70 . Herrmann, R . ,  and R . Baumann. E ine  mikromethode zur flammen-
p h o to m etrisch en  von ‘sodium7, ^potassium ' und ‘calc ium ’. Z . e x p e r . 
Med. 119 :^ 87-89  (1 9 5 2 ).
0 .05  ml o f  serum used  f o r  s im ultaneous Na, K, and Ca 
d e te rm in a tio n  in  1 m inu tes w ith  an e r r o r  o f  1 -2  p e r  c e n t 
w ith  t r i p l i c a t e  I They used  a fo u r th  p h o to c e l l  f o r  L i and 
in t e r n a l  s ta n d a rd iz a t io n .  They s t a t e ,  b u t  g iv e  no d a ta ,  
t h a t  because L i i s  u sed  as  an i n t e r n a l  s ta n d a rd  th a t  b o th  
r e l a t i v e  and a b so lu te  e r r o r  i s  about 1 p e r c e n t .
7 1 . K ap u sc in sk i, Y ., N. Moss, B . Zak, and A. J .  B o y le . Q u a n tita tiv e
d e te rm in a tio n  o f  calc ium  and magnesium in  human serum by flam e 
sp ec tro p h o to m etry . Am. J .  C l in . P a th . 22 : 687-91  (1 9 5 2 ).
Sample wet ashed and em issio n  o f  th e  ox ide bands u se d . A 
s y n th e t ic  s ta n d a rd  was u sed  which was d i lu te d  to  g iv e  th e  
s ta n d a rd s  f o r  th e  d e te rm in a tio n  o f  about th e  same concen­
t r a t i o n ,  o n e -h a lf  and one and o n e -h a lf  tim es  th e  ex p ec ted  
c o n c e n tra t io n s . S ources o f  e r r o r s  were n o t s tu d ie d .
(Because o f  background e r r o r  p a r t i c u l a r l y ,  t h i s  p rocedure  
o f  u s in g  one prim ary  s y n th e t ic  s tan d a rd  i s  q u e s t io n a b le .)
7 2 . K ing , W. H ., and W illiam  P r i e s t l e y ,  J r .  A m o d ified  re c o rd in g
flam e pho tom eter. Am. Soc. f o r  T e s tin g  M a te r ia ls  STP 116: 
97-101 (1 9 5 2 ).
A Beckman flam e photom eter p lu s  an e l e c t r i c a l  r e c o rd e r .  
R e s u lts  re p ro d u c ib le  to  0 .5  p e r c e n t c la im ed . W iring  
d iagram  and s p e c tra  showing F e , K, Ca, and Na betw een 
275 and 700 mu were g iv en .
7 3 . M ath ias , W. T . ( r e f e r e e ) .  R ep o rt on sp e c tro g ra p h ic  m ethods.
J .  A ssoc. O f f i c i a l  A gr. C hem ists 35:^06-18  (1952).
R e la t iv e  m e r i ts  (accu racy  and p re c is io n )  o f  ch em ica l, sp a rk , 
a r c ,  and flam e s p e c t r a l  m ethods. Even a t  t h i s  tim e he 
re p o r te d  t h a t  flam e sp ec tro p h o to m etr ic  methods were s u p e r io r  
to  chem ical methods f o r  Na and Mg; su p e r io r  o r  eq u a l f o r  
K; and e q u a l fo r  Ca, in  an a ly se s  o f  d r ie d  a l f a l f a .
7 ^ . M eloche, V. W. A rev iew  o f  flam e pho tom etry . Amer. Soc. fo r  
T e s tin g  M a te r ia ls  STP 116:3-12  (1 952).
A dvantages and l im i t a t i o n s  o f  flam e photom etry g iv en . 
In te r f e re n c e  problem s d is c u s s e d .
75* O lney, J .  M ., and A. H. Jam es. An a i r - c le a n in g  a p p a ra tu s  f o r  th e  
flam e p h o to m ete r. S c ience  115 :2982 :2Ul;-5( 1952).
High v o lta g e  d u s t p r e c ip i t a to r  d e sc r ib e d .
7 6 . R ic h , C. I .  Flame p h o to m etric  d e te rm in a tio n  o f  exchangeable
magnesium in  s o i l s .  S o i l  S c i . Soc. Am., P ro c . 16 :51-55  (1 952).
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U sing h ig h  flam e tem p e ra tu res  and narrow  s l i t  w id th s , he 
o b ta in e d  in c re a se d  i n t e r e i t y  o f  Mg em issio n  r e l a t i v e  to  th e  
flam e background. In te r f e re n c e  was s tu d ie d .  Beckman DU 
and Model 10,300 flam e a ttachm en t u sed . C e n tr ifu g a tio n  
o f  th e  sample s o lu t io n  e lim in a te d  th e  f lu c tu a t io n .  Ca snd 
Na in te r f e r e d  b ad ly  a t  371 mu a lth o u g h  th e  lu m in o s ity -  
c o n c e n tra tio n  curve i s  l in e a r  to  about 20 xriEq/l a t  t h i s  
w aveleng th . The u se  o f  a s p e c t r a l  l i n e  was o f  advantage 
when sm all s l i t  w id th s  were u sed .
77 .  S eg e r, A. J .  Flame pho tom etry . Am. J .  Med. T echno l. 18:281-89
(1952)• (C u rre n t L is t in g s  o f  M edical R esearch  23:32424)
78 .  W i l l i t s ,  C. 0 . ,  and J .  A. C o n n elly . A tom izer fo r  flam e s p e c tro ­
pho tom etry . A nal. Chem. 24:1525-26 ( 1952) .
A r e f lu x  ty p e  g la s s  a tom izer p ro v id in g  an a e ro s a l  s ta b le  
enough to  be p ip ed  20 f e e t .  Low sample consum ption, e a s i ly  
c le a n e d , s ta b le  a to m iz a tio n  r a t e .
m i
79• B arlow , J .  S . ,  and J .  F . M anery. A com parison o f  th e  method o f
flam e photom etry w ith  th e  chem ical m ethods f o r  th e  d e te rm in a tio n  
o f  c a t io n s  in  t i s s u e .  Canad. J .  Med. S c i . 31:326-37 (1953)*
In  c o n tr a s t  to  M ath ias ( r e fe re n c e  73 ) th e se  a u th o rs  seem 
to  be d isa p p o in te d  w ith  flam e pho to m etric  r e s u l t s .  The 
P erk in -E lm er 52A used  was too  in s e n s i t iv e  f o r  s a t i s f a c to r y  
d e te rm in a tio n  o f  Mg and Ca.
80 . Bausserm an, H. M ., and R . R . C erney, J r .  Flame sp ec tro p h o to - 1
m e tr ic  d e te rm in a tio n  o f  sodium and p o tass iu m . A n a l. Chem. 
25:1821-24 (1 9 5 3 ).
H ighly v isco u s  p la n t  e x t r a c t s  s tu d ie d . A Beckman DU and 
10300 flam e a ttachm en t u sed  and an in te r n a l  s tan d a rd  type  
c o r r e c t io n  d e sc r ib e d  u s in g  l i th iu m . C o n ce n tra tio n  c o rre c tio n , 
n o t em issio n  (a s  would be o b ta in e d  u s in g  th e  u s u a l i n t e r n a l  
s tan d a rd  flam e photom eter) f a c to r s  were d e sc r ib e d  and u sed . 
They showed th a t  th e  p re s u p p o s it io n  o f  o rd in a ry  in t e r n a l  
s ta n d a rd  te ch n iq u es  o f  a s im i la r i ty  o f  shape o f  th e  
e m is s io n -c o n c e n tra tio n  cu rves o f  th e  i n t e r n a l  s ta n d a rd  
elem ent and unknown elem ent i s  n o t t ru e  under th e  c o n d itio n s  
th ey  u sed . The ap p a ren t c o n c e n tra tio n  o f  L i i s  compared 
to  th e  known c o n c e n tra tio n  and i s  th e n  used  to  c o r r e c t  
th e  ap p a ren t c o n c e n tra tio n  o f  th e  unknown. (D ire c t 
a to m iz a tio n  and p h o to m u ltip lie r  a ttach m en ts  a llo w in g  
la rg e  sample d i lu t io n  would p robab ly  e lim in a te  th e  need fo r  
such c o r r e c t io n s .)
81 . Chen, P . S . ,  J r . ,  and T . Y. T o r ib a ra . D e te rm in a tio n  o f  calc ium
in  b io lo g ic a l  m a te r ia ls  by flam e photom etry . A n a l. Chem. 25 : 
1642-44 (1 953).
-  223 -
The W eichselbaum-Vamey flam e photom eter w ith  pho to ­
m u l t ip l ie r  and a c i t y  gas flam e was u sed . A lthough th e  
lu m in o s ity  a t  556 mu was g r e a t e s t ,  th e  background was such 
t h a t  620 mu was chosen . S e n s i t iv i ty  such th a t  d i lu te d  
sam ples w ith o u t p r o te in  p r e c ip i t a t io n  o r  s e p a ra t io n  p ro ­
ced u res  a p p lie d  were u se d . E f f e c t  o f  sodium was l i n e a r  
(p r im a r i ly  background?) and o f  po tassium  c u r v i l in e a r  
(from  0 to  6 m E q /l). P ro te in s  p re s e n t  in  b io lo g ic a l  
s o lu t io n s  found la r g e ly  to  p re v e n t th e  d e p re ss io n  e f f e c t s  
by ph o sp h ate , s in ce  p r o te in  p r e c ip i t a t io n  re v e a le d  phosphate 
" in h ib i t io n "  and much low er re a d in g s . ( I t  would appear t h a t  
th e  p ro te in  background and enhancement c o r re c te d  f o r  th e  
phosphate  n e g a tiv e  enhancem ent.) For u r in e ,  o x a la te  
p r e c ip i t a t i o n  u se d . S y n th e tic  s tan d a rd s  were u sed .
82 . C lo se , P . ,  W. E . Sm ith , and M. T . W atson, J r .  D e te rm in a tio n  o f
magnesium oxide by hydrogen flam e sp ec tro p h o to m etry . A nal.
Chem. 25:1022-25 (1 9 5 3 ).
C o n ce n tra tio n  range o f  0 .5 -6 .0  p e r c e n t MgP u s in g  th e  
oxide band a t  371 mu. U sing a  0.1+ mm s l i t ,  th e  calcium  
background was a p p re c ia b le .  Ca d id  n o t a f f e c t  th e  Mg 
em iss io n , how ever. S0)  ^ and Mn do , how ever. No n o tic e a b le  
e f f e c t  o f  Na o r K a t  c o n c e n tra tio n s  e q u iv a le n t to  1 p e r  c e n t 
o f  each as  ox id es  was n o te d .
83 .  Diamond, J .  J . ,  and L . Bean. Improvements in  flam e p ho tom etric
d e te rm in a tio n  o f  sodium in  P o r tla n d  cem ent. A n a l. Chem. 25: 
1825-30 (1 9 5 3 ).
A t th e  sodium l i n e ,  th e  h a l f  in t e n s i ty  band w id th  o f  th e  
P erk in -E lm er Model 52A i s  re p o r te d  a s  b e in g  15 mm, and 
f o r  th e  52C, 10 mm. The e n tra n ce  and e x i t  s l i t s  a re  
about 0 . 02- 0.03  in c h e s .
81+. Herrmann, R . Flam m enphotom etrische u ltra m ik ro a n a ly se  von Na,
K, und Ca im serum. Z e i t s c h r i f t  g e s . exp . Med. (B d .) 122:
8^-89 (1 953).
\p p a ra tu s  and tech n iq u e  ( re fe re n c e  70 ) improved so th e  
Na, K, and Ca c o n ten t o f  5 m ic r o l i t e r s  o f  serum i s  
d e te rm in ab le  w ith  an e r r o r  o f  ± 0 .7  to  ± 2 .3  p e r  c e n t .
L i u sed  as i n te r n a l  s ta n d a rd , b u t ,  as  in  th e  p rev io u s  
p a p e rs , l i t t l e  o r  no d a ta  p re se n te d  a s  to  th e  problem  o f  
in te r f e r e n c e .  C olor and m e ta l in te r f e re n c e  f i l t e r s  u se d .
85 . H insvark , 0 .  N ., S . H. W ittw er, and H. M. S e l l .  Flame p h o to ­
m e tr ic  d e te rm in a tio n  o f  ca lc iu m , s tro n tiu m , and barium  in  a 
m ix tu re . A n a l. Chem. 25:320-22 (1 9 5 3 ).
L in ea r c o r r e c t io n  f a c to r s  f o r  Ca, B r, and S r u sed .
86 . K in g s ley , G. R . ,  and R . R. S c h a f f e r t .  D ire c t  n ic ro d e te rm in a tio n
o f  sodium, p o tass iu m , and calcium  in  a s in g le  b io lo g ic a l  
specim en. A n a l. Chem. 25:1738-^1  (1953)»
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These a u th o rs  c la im  th a t  by th e  u se  o f  a Beckman DU w ith  
p h o to m u ltip lie r  and narrow  s l i t  w id th s , e r r o r s  and 
d i f f i c u l t i e s  re p o r te d  by e a r l i e r  a u th o rs  were av o id ed .
A s y n th e t ic  s tan d a rd  i s  u sed  b u t phosphate  i s  o m itte d . 
D ilu t io n s  o f  1 :50  u se d . Very e la b o ra te  reco v ery  e x p e r i­
m ents showed t h a t  th e  a d d i t io n  o f  15-150 m Eq/l Na,
0 .5 “5»0 m Eq/l K, and 0 .5  to  5 .0  mEq/l Ca to  poo led  human 
serum s, s e p a ra te ly  and in  com bination , p e rm itte d  "good" 
reco v ery  o f  Ca by b o th  th e  d i r e c t  and o x a la te  p r e c ip i t a t io n  
m ethods. 5-20 mg o f  phosphorus (a s  mono and d i  Na s a l t s )  
added to  100 ml serum produced no m easurab le  e f f e c t  on th e  
reco v ery  o f  0 .5 -5  m Eq/l Ca added to  poo led  serum s. 30-150 
m Eq/l Na, 10-50 mEq/l K, and 50-500 mg p e r c e n t P added in  
com binations to  poo led  u r in e  to  w hich 0 .5 -5  m Eq/l Ca was 
added f o r  reoovery  gave p e r c e n t re c o v e r ie s  o f  96-1C2 p e r 
c e n t in d ic a t in g  l i t t l e  a p p re c ia b le  e f f e c t  on th e  em issio n  
s p e c tra  o f  Ca under th e  c o n d itio n s  u sed . (Do reco v ery  
experim en ts a lone v a l id a te  an a n a ly t i c a l  p ro ced u re?)
87 .  Lundgren, P . A p p lic a tio n  o f  flam e photom etry to  th e  a n a ly s is
o f  a l k a l i s  and calc ium  in  s a l in e  s o lu t io n s  f o r  in f u s io n .  J .
Pharm. . Io n d . 5 : 8 :5 H -2 7  (1953)* (C u rre n t L is t in g s  o f  M edical
R esearch  2k:ko886)
88 . P o w ell, F . J .  N. The d e te rm in a tio n  o f  calc ium  in  b io lo g ic a l
f l u i d s  by flam e photom etry . J .  C l in . P a th . 6 :286-89  (1 9 5 3 ).
An o x a la te  p r e c ip i t a t e  u sed , which i s  d is so lv e d  w ith  
p e rc h lo r ic  a c id .  Mean reco v ery  89 . k p e r  c e n t ( ra n g e , 
77- 108) .
89 .  R ie th m ttlle r , H. U. Zur F e h le rb re i te  d e r flam m enphotom etrischen
Calcium-Bestimmung im m ensch lichen  Serum (und U r in ) .
K L inische W ochenschrift (B e r lin )  31 : 527-28  (1 9 5 3 ).
The need  to  co n s id e r th e  com plexity  o f  b io lo g ic a l  m a te r ia l  
and to  c o n s id e r  e r r o r  as  more th a n  la c k  o f  r e p r o d u c ib i l i ty  
i s  em phasized. A cety lene flam e and sp ec tro g rap h  u sed . 
R e p ro d u c ib i l i ty  o f  t  0 .9  p e r c e n t ( s . d . )  found .
Comparison (u s in g  500 d i f f e r e n t  se ra )  to  a c id o m etr ic  
t i t r a t i o n  was i  6 .0  p e r c e n t ( s . d . ) .  He concluded th a t  
th e  e r r o r  u s in g  flam e ph o to m etric  te ch n iq u es  i s  la r g e r  
th a n  th a t  re p o r te d  by o th e r s .
9 0 . S c h lu tz , G. 0 .  Von. Die q u a n t i ta t iv e  flam m enphotom etrische
Bestimmung des Calcium s im B lu tserum . Schw eiz. Med. W ochschr. 
83:383-8lt (1 953).
U ses o x a la te  p r e c ip i t a t io n  ( te c h n iq u e s  g iv e n ) .
9 1 . S c liu tz , G. 0 .  Von. D ie q u a n t i ta t iv e  flam m enphotom etrische
Halbm idrabe-stim raung des Calcium s im 0 .1  cm3 en te iw lss tem
V o lb lu t .  Schw eiz. Med. W ochschr.  (B ase l) 83:k^2 (1 9 5 3 ).
(C u rre n t L is t in g s  o f  M edical R esearch  2^:1^6822) ( 1-page a r t i c l e )
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92# S im s, E. A. H ., and L . Kaplow. E x c lu s io n  o f  a ir -b o rn e  contam ina­
t io n  in  flam e photom etry . J .  Lab# C l in . Med. 11:303-06 (1953)• 
A f e l t  f i l t e r  to  be p laced  in  th e  com pressed a i r  l in e  
i s  su g g es ted .
93* W iner, A. D ., and D. M. Kuhns. Calcium d e te rm in a tio n  by flam e 
sp ec tro p h o to m etry . Am. J .  C l in . P a th . 23:1259"62 (1 9 5 3 ).
In  o rd e r  to  in c re a se  s e n s i t i v i t y ,  an o rg an ic  so lv e n t 
composed o f  a c e t ic  a c id ,  a c e to n e , S te ro x , and w ater was 
u sed  as  a d i l u t i n g  s o lv e n t .  S y n th e tic  s tan d a rd s  and a 
d i r e c t  a tom iz ing  b u rn e r were u sed , b u t  a p rim ary  s tan d a rd  
was d i lu te d  to  v a r io u s  amounts to  g iv e  th e  s ta n d a rd  Ca 
c o n c e n tra tio n  o f  1 , 5 , and 6 m E q/l. The r e s u l t i n g  e f f e c t  
o f  v a r ia b le  Na c o n c e n tra tio n s  on th e  background i s  n o t 
e v a lu a te d  a lth o u g h  i t  was s ta t e d  t h a t  a lth o u g h  th e  Na 
in te r f e re n c e  a t  55^ mu was e x c e s s iv e , a lm ost none was 
n o ted  a t  122 .7  mu. (The prim ary  d isad v an tag e  o f  th e  use 
o f  o rg an ic  so lv e n ts  i s  t h a t  in  o rd e r  to  p re v e n t flam e 
b low -ou t on rem oval o f  th e  sam ple, th e  sample s o lu t io n  must 
be d i lu te d  w ith  w a ter a t  th e  end o f  th e  d e te rm in a tio n , 
th e reb y  p re v e n tin g  a s e r ie s  o f  com parisons betw een th e  
sample and s tan d a rd s  u n le s s  many sample cups a re  u sed .
The problem  o f  s e n s i t i v i t y  f o r  Ca, a t  l e a s t ,  h as  been 
so lved  by th e  developm ent o f  s ta b le  p h o to m u ltip le r  
d e te c to r s . )
9 l .  Zak, B .,  R . E . M osher, and A . J .  B oy le . A rev iew  on flam e
a n a ly s is  i n  th e  c l i n i c a l  la b o ra to ry .  Am. J .  C l in . P a th . 2 3 :
60-77  (1953 ).
Techniques a re  a ls o  g iv en  f o r  Na, K, Ca, Mg. No e v a lu a tio n  
o f  in te r f e r e n c e s  i s  g iv en , how ever. (W ith th e  s l i t  
w id th s  u sed  and re a d in g s  re p o r te d  f o r  Mg, a la rg e  p a r t  
o f  th e  re a d in g s  were p robab ly  due to  th e  sodium p re s e n t 
in  th e  sam ple.)
95» B aker, G. L . ,  and L. H. Johnson . E f f e c t  o f  an ions on calc ium
flam e em issio n  in  flam e pho tom etry . A n a l. Chem. 26:165-68 ( I 95I). 
One o f  th e  m ost c a r e f u l ly  desig n ed  experim en ts on an ion  
in te r f e r e n c e .  When u s in g  th e  Beckman flam e photom eter 
(9200 ; d i r e c t  a to m iz in g ) , th e  p c id  form o f  p e rc h lo ra te  
was shown to  enhance, w h ile  a r s e n a te ,  s u l f a t e ,  and 
phosphate  d e p re sse d . O ther a c id s  had m inim al e f f e c t s .
The in t e r f e r e n t  e f f e c t  reach ed  a maximum a t  PO^ to  Ca 
r a t i o s  o f  about 1 , w h ile  s u l f a te  caused  maximum d e p re ss io n  
a t  m olar r a t i o s  o f  2 :1 .  E f f e c ts  o f  com binations s tu d ie d  
and th e  th e o ry  was advanced th a t  th e  d e p re ss iv e  e f f e c t  
was due to  th e  fo rm atio n  o f  a s ta b le  compounds. A p la te a u  
o f  e f f e c t  beyond th e se  c o n c e n tra tio n s  o f  1:1  o r  2 :1  was 
n o te d .
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96* B rabson, J .  A ., and W. D. W ilh id e . Flame p ho tom etric  de te rm in a­
t i o n  o f  calc ium  in  w e t-p ro cess  phosphoric  a c id .  A nal. Chem. 26: 
1060-61  {195*0 .
U sing a Perk in -E lm er 52C and th e  s tro n tiu m  hand n e a r th e  
w avelength  fo r  L i ,  calc ium  was determ ined  u s in g  s tro n tiu m  
as an i n t e r n a l  s ta n d a rd . A catio n -ex ch an g e  r e s in  was used  
to  se p a ra te  th e  Ca from th e  phosphoric  a c id .  When Na was 
p re s e n t in  m oderate am ounts, d i f f i c u l t y  was encoun tered  
in  s e p a ra tin g  i t  from th e  Ca.
97* C aton , R . D ., J r . ,  and R. W. Brem ner. Some in te r f e r e n c e s  in  
flam e photom etry . A n a l. Chem. 26:805-13 (195*0*
A study  p r im a r i ly  o f  th e  e f f e c t s  o f  in te r f e r e n c e  due to  
v is c o s i ty  on Ca, Na, and K lu m in o s ity  u s in g  cham ber-type 
a to m iz e rs . S u c ro se , u re a , g lu c o se , g e la t in  u sed . In  
c o r re c t in g  by means o f  s y n th e t ic  s ta n d a rd s , a d is c r im in a tin g  
cho ice  m ust be made, th ey  conclude , s in ce  f a c to r s  o th e r  
th an  v is c o s i ty  a f f e c t  th e  n a tu re  o f  th e  sp ra y .
9 8 .  Chen, P . W ., J r . ,  and T . Y . T o r ib a ra . Some e r r o r s  in  th e
d e te rm in a tio n  o f  calc ium  in  aged b lood  serum (E lim in a ted  by 
flam e p h o to m etry ). A n a l. Chem. 2 6 : 1967-68  (195U).
As shown b e fo re  by th e se  au th o rs  ( r e fe re n c e  8l  ) d i r e c t  
p r e c ip i t a t io n  o f  calcium  from serum by o x a la te  g iv es  
s a t i s f a c to r y  r e s u l t s .  However, e rro n eo u s r e s u l t s  a re  
o b ta in ed  i f  d i r e c t  o x a la te  p r e c ip i t a t io n  i s  used  on aged 
serum. Some o f  th e  p i t f a l l s  o f  o x a la te  p r e c ip i t a t io n  
g iv en . For p re c is e  work, th ey  su g g est o x a la te  p r e c ip i t a ­
t io n  from a t r i c h lo r a c e t i c  a c id  f i l t r a t e ,  u s in g  CaCl^ as 
a s ta n d a rd .
9 9 . Denson, J .  R . Flame p ho tom etric  d e te rm in a tio n  o f  e l e c t r o ly te s
in  t i s s u e  and o f  calcium  in  serum. J .  B io l . Chem. 209:233-^0
(195*0.
Beckman flam e photom eter w ith  d i r e c t  a tom iz ing  b u rn e r and 
p h o to m u ltip lie r  u sed  w ith  a hydrogen flam e . C atio n  
exchange r e s in s  and w et ash in g  u sed . Magnesium in  .serum 
was n o t d e te rm in a b le . S y n th e tic  s tan d a rd s  used  fo r  
t i s s u e .
100. D ip p e l, W. A ., C . E. B r ic k e r ,  and N. H. Furman. Flame pho to ­
m e tr ic  d e te rm in a tio n  o f  p h o sp h ate . A n a l. Chem. 2 6 : 553-56  
(195*0.
U sing  th e  d e p re ss io n  o f  Ca o r Mg lu m in o s ity  by p h o sp h ate , 
a sample was ru n  th rough  a c a t io n  exchange column to  remove 
a l l  Ca, Mg, K, and Na. A known amount o f  Ca o r Mg was 
added and th e  lu m in o s ity  compared to  t h a t  o f  a s tan d a rd  
s o lu tio n  u s in g  a Beckman flam e pho tom eter, a c e ty le n e  flam e, 
and d i r e c t  a tom iz ing  b u rn e r . Phosphate d e p re sse s  Na 
s l ig h t ly ,  and Mg, Ca, and K, s e r io u s ly  (Mg and Ca a t  low 
c o n c e n tra tio n s  and K a t  1 M phosphoric  a c id  and ab o v e).
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Above a low c o n c e n tra tio n  (b u t l i t t l e  g r e a te r  th a n  1 :1 ) 
th e  phosphate causes an enhancement o f  th e  Mg and Ca 
f la m e s . (One o f  th e  re a so n s  t h a t  th e  u se  o f  r a d ia t io n  
b u f f e r s  i s  l im ite d  i s  th e  narrow  range o f  t h i s  p la te a u  
e f f e c t . )
101. K in g s ley , G. R . ,  and R. R. S c h a f f e r t .  M icro flam e ph o to m etric
d e te rm in a tio n  o f  sodium, p o tass iu m , and calcium  in  serum w ith  
o rg an ic  s o lv e n ts .  J .  B io l . Chem. 2 0 6 : 807-15  (195*0•
The use o f  o rg an ic  s o lv e n ts  d e sc r ib e d  p e rm it t in g  serum 
d i lu t io n s  o f  1:1700  when used  in  c o n ju n c tio n  w ith  pho to ­
m u l t ip l ie r  tu b e s . (At serum d i lu t io n s  above abou t 5P0, 
m illim lc ro g ram  q u a n t i t i e s  o f  calc ium  from d u s t In  th e  
a i r  o r  lo s s  to  g lassw are  w i l l  cause s e r io u s  e r r o r s ) .
( c f .  re fe re n c e  93 a lso )
102. Kuemmel, D. F . , and H. L . K a r l .  Flame ph o to m etric  d e te rm in a tio n
o f  a l k a l i  and a lk a l in e  e a r th  e lem en ts in  c a s t  i r o n .  An a l . Chem.
2 6 :386-91  ( 195*0 .
C a l ib ra t io n  cu rves u sed . Mg lu m in o s ity  to  c o n c e n tra tio n  
curve was about l i n e a r  on lo g - lo g  c o o rd in a te s .
103. V a lle e , B. L . S im ultaneous d e te rm in a tio n  o f  sodium, p o tass iu m ,
ca lc iu m , magnesium, and s tro n tiu m  by a new m u ltic h a n n e l 
f la m e -sp e c tro m e te r. N atu re  17^:1050-51 (195*0 *
A Beckman oxy-hydrogen d i r e c t  a to m iz e r -b u m e r , g ra t in g  ' 
sp ec tro g rap h , and p h o to m u ltip lie rs  were u sed . In te r f e re n c e  
was d is c u s s e d , b u t h is  in v e s t ig a t io n s  in d ic a te d  t h a t  a l l  
in te r f e r e n c e  may be a t t r i b u t e d  to  background e f f e c t s  which 
a re  a d d i t iv e .  The d a ta  p re se n te d  a re  in  term s o f  th e  CaO 
band a t  5*^ 9• 5 mu* 1-3  p e r  c e n t p r e c is io n  o b ta in e d  and a 
l i n e a r  r e la t io n s h ip  claim ed over a 1 to  1000 ra n g e .
(P lo t te d  d a ta  o f f  f i t t e d  curve by as much as  30 p e r  c e n t . )  
(To a r r iv e  a t  th e  co n c lu s io n  th a t  enhancement due to  
energy  r e la t io n s h ip s  in  th e  source i s  n o n e x is ta n t ,  th e  
au th o r m ust have had much more d a ta  a t  h i s  d is p o s a l  th a n  
were p re se n te d  in  t h i s  s h o r t  p a p e r .)
104. Chow, T . J . ,  and T . G. Thompson. Flame ph o to m etric  d e te rm in a tio n  
o f  s tro n tiu m  in  sea w a te r . A n a l. Chem. 27 :18-21  (1 9 5 5 ).
By adding  e q u a l volumes o f  sea  w a ter to  a s e r i e s  o f  
s tan d a rd  s o lu t io n s  c o n ta in in g  d i f f e r e n t  c o n c e n tra tio n s  o f  
s tro n tiu m , d e te rm in in g  th e  lu m in o s ity  p roduced , and 
p lo t t i n g  th e  lu m in o s ity  v a lu e s  to  o b ta in  th e  s lope  o f  th e  
lu m in o s ity  to  c o n c e n tra tio n  c u rv e , th e  s tro n tiu m  concen tratbn , 
was c a lc u la te d  by d iv id in g  th e  lu m in o s ity  o f  th e  sample w ith  
no added s tro n tiu m  by th e  s lope  o f  th e  lu m in o s ity  to  concen­
t r a t i o n  c u rv e . S y n th e tic  s ta n d a rd s  n o t u sed  because  th e  
sam ples a re  too -variab le  in  co m p o sitio n . Background co rrection  
made by d e te rm in in g  th e  lu m in o s ity  a t  ^5k mu. (The
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lu m in osity  maximum fo r  Sr i s  a t U60.7  mu).
105 . M einke, W. W. T race-e lem en t s e n s i t i v i t y :  Comparison o f
a c t iv a t io n  a n a ly s is  w ith  o th e r  m ethods. S c ience  121 :I 77- 8U
(3-955).
Flame sp ec tro p h o to m etric  s e n s i t i v i t y  ( i n  term s o f  jugm/ml; 
i s  a c lo se  second to  a c t iv a t io n  a n a ly s is  methods f o r  Na 
and K ( 0 .002  and 0 .01  r e s p e c t iv e ly ) ,  i s  o f  th e  same o rd e r 
o f  s e n s i t i v i t y  f o r  Mg ( l  ;igm/ml) and i s  th e  m ost s e n s i t iv e  
f o r  Ca (0 .0 3 ) .
106. R o th e , C. F . R eduction  o f  r a p id  random f lu c tu a t io n s  o f  th e  
Beckman flam e sp ec tro p h o to m ete r. A nal. Chem. 27 : ( I n  p re s s )  
(May, 1955).
The f lu c tu a t io n s  which make p re c is e  n u l l in g  o f  th e  
in s tru m en t d i f f i c u l t  when u s in g  th e  in s tru m en t a t  h ig h  
s e n s i t i v i t y  a re  su p p ressed  "by means o f  500 and 3000 u fd  
c a p a c ito r s  which may he sw itched  a c ro ss  th e  n u l l  m eter 
to  g iv e  no dampening, 500, and 3500 jofd dampening. The 
u se  o f  a hand le n s  over th e  n u l l  m eter in  c o n ju n c tio n  w ith  
th e  f lu c tu a t io n  su p p re ss io n  p e rm its  in c re a se d  p re c is io n  
o f  d e te rm in a tio n .
107. R o th e , D. F . ,  and L . A. S a p i r s te in .  A s e l f - s ta n d a r d iz a t io n  
method f o r  th e  flam e sp ec tro p h o to m etr ic  d e te rm in a tio n  o f  
calc ium  in  b io lo g ic  . m a te r ia l s .  Am. J .  C l in . P a th . 25: 
( I n  p re s s )  ( J u ly ,  1955).
T h is  paper i s  a b s tr a c te d  and d isc u sse d  in  Appendix A, 
S e c tio n  I I  C (p p . 165- 86 ) .
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